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ANT I SENSE MODULATION OF INTERLEUKIN- 5 SIGNAL TRANSDUCTION 

This application is a continuation of U.S. Application 
No. 09/800,629 filed March 7, 2001 which is a continuation-in- 
5 part of PCT Application No. PCT/US00/07 318 filed March 17, 
2000 which corresponds to U.S. Application No. 09/280,799 
filed March 26, 1999 now issued U.S. Patent No. 6,136,603. 

FIELD OF THE INVENTION 

The present invention provides compositions and methods 
10 for modulating interleukin-5 (IL-5) signaling through 
antisense modulation of IL-5 and/or IL-5 receptor a (IL-5a) 
expression. In particular, this invention relates to 

antisense compounds , particularly oligonucleotides, 

specifically hybridizable with nucleic acids encoding IL-5 or 
15 IL-5Ra. Such oligonucleotides have been shown to modulate the 
expression of IL-5 and IL-5Ra, respectively. 

BACKGROUND OF THE INVENTION 

Cytokines are relatively low molecular weight, 
pharmacologically active proteins that are secreted by cells 

20 for the purpose of altering either their own functions or 
those of adjacent cells. Cytokines are important regulators 
of hematopoiesis . They exert their actions by binding to 
specific receptors on the cell surface. Among the cytokines 
are a large number of interleukins as well as growth and 

25 colony-stimulating factors. Interleukin-5 (IL-5) is a critical 
cytokine for regulation of growth, activation, maturation, and 
survival of eosinophils, a type of leukocyte, and their 
release from the bone marrow. Eosinophils have been 

implicated in the pathogenesis of certain diseases 
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("eosinophilic syndromes") characterized by long-term chronic 
inflammation of tissues, such as the lungs in the case of 
asthma or the muscles in the case of eosinophilia myalgra. 
Other eosinophilic syndromes in addition to these include 
5 allergic rhinitis and atopic dermatitis. Eosinophils have also 
been noted as a component of cellular infiltrates of malignant 
tumors. Eosinophils are attracted to sites of wounding or 
inflammation, where they undergo a process of activation. 
Because eosinophils play a seminal role in the pathogenesis 
10 of asthma, particularly the late-phase reaction of asthma, and 
other inflammatory and/or allergic conditions, IL-5 signal 
transduction is of clinical importance. 

In humans, IL-5 is selective in specifically promoting 
eosinophil and basophilic differentiation and maturation. 
15 Blood and tissue eosinophilia is a characteristic abnormalxty 
in allergy and asthma and convincing evidence implicates IL-5 
as the key cytokine regulating this selective eosinophilic 
inflammation. Thus, inhibition of IL-5 production or effector 
function will abolish the eosinophilic component in asthma and 
20 other eosinophilic diseases, likely preventing further tissue 
damage caused by release of eosinophil-specif ic inflammatory 
mediators and potentially providing clinical benefit. Indeed, 
it has been demonstrated neutralizing IL-5 with a monoclonal 
antibody can completely inhibit bronchoalveolar eosinophils 
25 caused by allergen challenge in guinea pigs, mice, and 
monkeys. A correlation exists between pulmonary eosinophils 
and asthma in man and it is clear that selective inhibition 
of IL-5 can block airway hyperresponsiveness in animal models. 

Asthma is characterized by episodic airways obstruction, 
30 increased bronchial hyperresponsiveness, and airway 

inflammation. An association has been shown between the 
number of activated T cells and eosinophils in the airways and 
abnormalities in forced expiratory volume in one second 
(FEVl), a measure of pulmonary function, increased bronchial 
35 responsiveness, and clinical severity in asthma. It has been 
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documented that both interleukin-5 (IL-5) mRNA and protein 
levels are increased in bronchial biopsies from both atopic 
and intrinsic asthmatics. IL-5 interacts with cells via the 
IL-5 receptor (IL-5R) on the cell surface. The IL-5 receptor 
5 is a heterodimer of a- and fi-subunits. The IL-5 receptor a- 
subunit is specific to IL-5R, whereas the ft-subunit is common 
to IL-3, IL-5, and granulocyte/macrophage colony-stimulating 
factor (GM-CSF) receptors. The human IL-5 receptor (IL-5R) is 
expressed in vitro on eosinophils, basophils, and B 
10 lymphocytes, although its role on B cells remains in question. 
Besides a membrane anchored form, two forms of soluble human 
IL-5Ra are produced. Only the membrane form of the a chain 
is complexed with the ft chain, which is required for 
signaling . 

15 The link between T cell derived IL-5 and lung 

eosinophilia is further strengthened by the observation that 
increased levels of IL-5 receptor a mRNA are also found in 
bronchial biopsies from asthmatics and that the eosinophil is 
the predominant site of this increased IL-5Ra expression. 
Further, the subset of eosinophils that express the membrane 
bound form of the IL-5 receptor inversely correlates with FEV1 
while the subset expressing the soluble form of the receptor 
directly correlates with FEV1. These observations suggest 
that IL-5 receptor a isoform expression is of central 
importance in determining clinical prognosis. The soluble form 
of the receptor may be serving a beneficial role in asthmatic 
patients. It is therefore presently believed that an 
effective therapeutic approach to preventing eosinophilia in 
asthma and other eosinophilic syndromes would entail selective 
inhibition of membrane but not soluble IL-5 receptor 
expression. In addition, there are several animal and lung 
explant models of allergen-induced eosinophilia, late phase 
airway responses, and bronchial hyperresponsiveness which 
collectively support a link between IL-5 and airway 
35 eosinophilia and decreased pulmonary function. 
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Several approaches to inhibition of IL-5 function have 
been tried. Chimeric, humanized and other interleukin-5 (IL-5) 
monoclonal antibodies (mAbs) , and pharmaceutical compositions 
and therapeutic methods are disclosed in WO 96/21000. 
5 Ribozymes for cleaving IL-5 mRNA are disclosed in WO 95/23225. 
A 16mer phosphodiester oligodeoxynucleot ide with two 
phosphorothioate linkages, targeted to IL-5 mRNA, was used to 
inhibit IL-5 secretion by human peripheral blood mononuclear 
cells. Weltman and Karim, Allergy Asthma Proc. , 1998, 19, 257- 

10 261; Sept. -Oct. 1998. Methods of treating airway disease by 
administering essentially adenosine-f ree antisense 
oligonucleotides to the airway epithelium are disclosed in WO 
96/40162. IL-5 and IL-5 receptor are among the antisense 
targets disclosed . 

15 Thus there remains a long-felt need for compositions and 

methods for modulating IL-5 signal transduction, particularly 
in the treatment and prevention of asthma and other reactive 
airway disease. 

SUMMARY OF THE INVENTION 

20 The present invention is directed to antisense 

compounds, particularly oligonucleotides, which are targeted 
to a nucleic acid encoding IL-5 or IL-5Ra, and which modulate 
the expression of these gene targets. Pharmaceutical and 
other compositions comprising the antisense compounds of the 

25 invention are also provided. Further provided are methods of 
modulating the expression of IL-5 and/or IL-5Ra in cells or 
tissues comprising contacting said cells or tissues with one 
or more of the antisense compounds or compositions of the 
invention. Further provided are methods of modulating IL-5 

30 signaling in cells or tissues comprising contacting said cells 
or tissues with one or more of the antisense compounds or 
compositions of the invention. Further provided are methods 
of treating an animal, particularly a human, suspected of 
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having or being prone to a disease or condition associated 
with IL-5 signaling or with expression of IL-5 or IL-5Ra by 
administering a therapeutically or prophylactically effective 
amount of one or more of the antisense compounds or 
5 compositions of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention comprehends antisense compounds 
capable of modulating IL-5 signal transduction, preferably by 
modulating expression of IL-5 or IL-5 receptor a. These 
10 compounds are useful for both research and therapeutic, 
including prophylactic, uses. 

The human IL-5 receptor a gene contains 14 exons . A 
membrane-anchored form of the receptor and two soluble forms 
have been identified. The mRNA transcript encoding the 
15 membrane-anchored form of the human IL-5 receptor a contain 
exons 1-10 and 12-14. Exon 11 is spliced out by an alternative 
splicing event. The major soluble isoform (soluble form 1) 
is generated as a result of a normal splicing event and an in- 
frame stop codon in exon 11. The other soluble form (soluble 
20 form 2) is generated by the absence of splicing and therefore 
is generated by reading into intron 11. Tuypens et al. Eur. 
Cytokine Netw. , 1992, 3, 451-459. 

The mRNA encoding the membrane form of the mouse IL-5 
receptor a contains 11 exons. The transmembrane domain of the 
25 receptor is encoded in exon 9. Two mRNAs encoding soluble 
(secreted) forms of the receptor result from differential 
splicing events. The mRNA encoding soluble form 1 of the 
receptor is missing exon 9 (exon 8 is spliced to exon 10) and 
the mRNA encoding soluble form 2 is missing exons 9 and 10 
30 (exon 8 is spliced to exon 11). Imamura et al., DNA and Cell 
Biol., 1994, 13, 283-292. 

In both mouse and humans, there are both soluble forms 
and a membrane-bound form of IL-5 receptor a. In mouse, the 
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soluble form is expressed, though experiments are usually done 
by addition of exogenous recombinant soluble receptor. 
Recombinant murine soluble IL-5 receptor a binds IL-5, and 
does not inhibit proliferation of the IL-5-responsive Y16B 
5 cell line. In vivo, recombinant soluble murine IL-5 receptor 
a suppresses antigen-induced airway eosinophilia . In humans, 
recombinant human soluble IL-5 receptor a binds human IL-5 and 
inhibits its biological activity in vitro, i.e., prevents TF-1 
proliferation and survival. In other words, in the human 
10 system, the soluble IL-5 receptor a acts as a sponge to bind 
the IL-5 cytokine and block its effects. Only the membrane- 
bound form of IL-5 receptor a is able to transduce the IL-5 
signal. Soluble human IL-5 receptor a is not normally detected 
in human biological fluids; however, a direct correlation has 
15 been observed between the expression of soluble human IL-5 
receptor a and pulmonary function in asthmatic subjects. 

The present invention employs oligomeric antisense 
compounds, particularly oligonucleotides, for use in 
modulating IL-5 signal transduction. In preferred embodiments 
20 this is done by modulating the function of nucleic acid 
molecules encoding IL-5 or IL-5Ra, ultimately modulating the 
amount of IL-5 or IL-5Ra produced. Antisense compounds are 
provided which specifically hybridize with one or more nucleic 
acids encoding IL-5 or IL-5Ra. In preferred embodiments used 
25 herein, the term "nucleic acid encoding IL-5" encompasses DNA 
encoding IL-5, RNA (including pre-mRNA and mRNA) transcribed 
from such DNA, and also cDNA derived from such RNA. Similarly 
the term "nucleic acid encoding IL-5Ra" encompasses DNA 
encoding IL-5Ra, RNA (including pre-mRNA and mRNA) 

30 transcribed from such DNA, and also cDNA derived from such 
RNA. In the context of the present invention, the term 
"nucleic acid target" encompasses nucleic acids encoding 
either IL-5 or IL-5Ra, according to which of these the 
antisense compound is complementary. The specific 

35 hybridization of an oligomeric compound with its target 
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nucleic acid interferes with the normal function of the 
nucleic acid. This modulation of function of a target nucleic 
acid by compounds which specifically hybridize to it is 
generally referred to as "antisense". The functions of DNA 
5 to be interfered with include replication and transcription. 
The functions of RNA to be interfered with include all vital 
functions such as, for example, translocation of the RNA to 
the site of protein translation, translation of protein from 
the RNA, splicing of the RNA to yield one or more mRNA 
10 species, and catalytic activity which may be engaged in or 
facilitated by the RNA. The overall effect of such 
interference with target nucleic acid function is modulation 
of the expression of IL-5 or IL-5Ra. In the context of the 
present invention, "modulation" means either an increase 
15 (stimulation) or a decrease (inhibition) in the expression of 
a gene. In the context of the present invention, inhibition 
is the preferred form of modulation of gene expression and 
mRNA is a preferred target. 

It is preferred to target specific nucleic acids for 
20 antisense. "Targeting" an antisense compound to a particular 
nucleic acid, in the context of this invention, is a multi 
step process. The process usually begins with the 

identification of a nucleic acid sequence whose function is 
to be modulated. This may be, for example, a cellular gene 
25 (or mRNA transcribed from the gene) whose expression is 
associated with a particular disorder or disease state, or a 
nucleic acid molecule from an infectious agent. In the 
present invention, the target is a nucleic acid molecule 
encoding IL-5 or IL-5Ra. The targeting process also includes 
30 determination of a site or sites within this gene for the 
antisense interaction to occur such that the desired effect, 
e.g., detection or modulation of expression of the protein, 
will result. Within the context of the present invention, a 
preferred intra genie site is the region encompassing the 
35 translation initiation or termination codon of the open 
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reading frame (ORF) of the gene. Since, as is known in the 
art, the translation initiation codon is typically 5 1 -AUG (in 
transcribed mRNA molecules; 5 1 -ATG in the corresponding DNA 
molecule) , the translation initiation codon is also referred 
5 to as the "AUG codon," the "start codon" or the "AUG start 
codon". A minority of genes have a translation initiation 
codon having the RNA sequence 5 f -GUG, 5 ' -UUG or 5'-CUG, and 
5'-AUA, 5 ! -ACG and 5 ' -CUG have been shown to function in vivo. 
Thus, the terms "translation initiation codon" and "start 

10 codon" can encompass many codon sequences, even though the 
initiator amino acid in each instance is typically methionine 
(in eukaryotes) or f ormylmethionine (in prokaryotes) . It is 
also known in the art that eukaryotic and prokaryotic genes 
may have two or more alternative start codons, any one of 

15 which may be preferentially utilized for translation 
initiation in a particular cell type or tissue, or under a 
particular set of conditions. In the context of the 
invention, "start codon" and "translation initiation codon" 
refer to the codon or codons that are used in vivo to initiate 

20 translation of an mRNA molecule transcribed from a gene 
encoding IL-5 or IL-5Ra, regardless of the sequence (s) of such 
codons . 

It is also known in the art that a translation 
termination codon (or "stop codon") of a gene may have one of 

25 three sequences, i.e., 5 1 -UAA, 5 1 -UAG and 5 1 -UGA (the 
corresponding DNA sequences are 5 1 -TAA, 5 1 -TAG and 5 1 -TGA, 
respectively) . The terms "start codon region" and 

"translation initiation codon region" refer to a portion of 
such an mRNA or gene that encompasses from about 25 to about 

30 50 contiguous nucleotides in either direction (i.e., 5' or 3 f ) 
from a translation initiation codon. Similarly, the terms 
"stop codon region" and "translation termination codon region" 
refer to a portion of such an mRNA or gene that encompasses 
from about 25 to about 50 contiguous nucleotides in either 
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direction (i.e., 5' or 3') from a translation termination 
codon . 

The open reading frame (ORF) or "coding region," which 
is known in the art to refer to the region between the 
5 translation initiation codon and the translation termination 
codon, is also a region which may be targeted effectively. 
Other target regions include the 5' untranslated region 
(5'UTR), known in the art to refer to the portion of an mRNA 
in the 5' direction from the translation initiation codon, 
10 and thus including nucleotides between the 5' cap site and the 
translation initiation codon of an mRNA or corresponding 
nucleotides on the gene, and the 3' untranslated region 
(3'UTR), known in the art to refer to the portion of an mRNA 
in the 3' direction from the translation termination codon, 
15 and thus including nucleotides between the translation 
termination codon and 3' end of an mRNA or corresponding 
nucleotides on the gene. The 5' cap of an mRNA comprises an 
N7-methylated guanosine residue joined to the 5 ' -most residue 
of the mRNA via a 5 '-5' triphosphate linkage. The 5' cap 
region of an mRNA is considered to include the 5' cap 
structure itself as well as the first 50 nucleotides adjacent 
to the cap. The 5' cap region may also be a preferred target 
region . 

Although some eukaryotic mRNA transcripts are directly 
translated, many contain one or more regions, known as 
"introns," which are excised from a transcript before it is 
translated. The remaining (and therefore translated) regions 
are known as "exons" and are spliced together to form a 
continuous mRNA sequence. mRNA splice sites, i.e., intron- 
exon junctions, may also be preferred target regions, and are 
particularly useful in situations where aberrant splicing is 
implicated in disease, or where an overproduction of 
particular mRNA splice product is implicated in disease. 
Aberrant fusion junctions due to rearrangements or deletions 
are also preferred targets. It has also been found that 
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introns can also be effective, and therefore preferred, target 
regions for antisense compounds targeted, for example, to DNA 
or pre-mRNA. 

Once one or more target sites have been identified, 
5 oligonucleotides are chosen which are sufficiently 
complementary to the target, i.e., hybridize sufficiently well 
and with sufficient specificity, to give the desired effect. 

In the context of this invention, "hybridization" means 
hydrogen bonding, which may be Watson-Crick, Hoogsteen or 
10 reversed Hoogsteen hydrogen bonding, between complementary 
nucleoside or nucleotide bases. For example, adenine and 
thymine are complementary nucleobases which pair through the 
formation of hydrogen bonds. "Complementary," as used 

herein, refers to the capacity for precise pairing between two 
15 nucleotides. For example, if a nucleotide at a certain 
position of an oligonucleotide is capable of hydrogen bonding 
with a nucleotide at the same position of a DNA or RNA 
molecule, then the oligonucleotide and the DNA or RNA are 
considered to be complementary to each other at that position. 
20 The oligonucleotide and the DNA or RNA are complementary to 
each other when a sufficient number of corresponding positions 
in each molecule are occupied by nucleotides which can 
hydrogen bond with each other. Thus, "specifically 

hybridizable" and "complementary" are terms which are used to 
25 indicate a sufficient degree of complementarity or precise 
pairing such that stable and specific binding occurs between 
the oligonucleotide and the DNA or RNA target. It is 
understood in the art that the sequence of an antisense 
compound need not be 100% complementary to that of its target 
30 nucleic acid to be specifically hybridizable. An antisense 
compound is specifically hybridizable when binding of the 
compound to the target DNA or RNA molecule interferes with the 
normal function of the target DNA or RNA to cause a loss of 
utility, and there is a sufficient degree of complementarity 
35 to avoid non-specific binding of the antisense compound to 
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non-target sequences under conditions in which specific 
binding is desired, i.e., under physiological conditions in 
the case of in vivo assays or therapeutic treatment, and, in 
the case of in vitro assays, under conditions in which the 
5 assays are performed. 

Antisense compounds are commonly used as research 
reagents and diagnostics. For example, antisense 

oligonucleotides, which are able to inhibit gene expression 
with exquisite specificity, are often used by those of 
10 ordinary skill to elucidate the function of particular genes. 
Antisense compounds are also used, for example, to distinguish 
between functions of various members of a biological pathway. 
Antisense modulation has, therefore, been harnessed for 
research use. 

15 The specificity and sensitivity of antisense is also 

harnessed by those of skill in the art for therapeutic uses. 
Antisense oligonucleotides have been employed as therapeutic 
moieties in the treatment of disease states in animals and 
man. Antisense oligonucleotides have been safely and 

20 effectively administered to humans and numerous clinical 
trials are presently underway. It is thus established that 
oligonucleotides can be useful therapeutic modalities that can 
be configured to be useful in treatment regimes of cells, 
tissues and animals, especially humans. In the context of 

25 this invention, the term "oligonucleotide" refers to an 
oligomer or polymer of ribonucleic acid (RNA) or 
deoxyribonucleic acid (DNA) or mimetics thereof. This term 
includes oligonucleotides composed of naturally-occurring 
nucleobases, sugars and covalent internucleoside (backbone) 

30 linkages as well as oligonucleotides having non-naturally- 
occurring portions which function similarly. Such modified 
or substituted oligonucleotides are often preferred over 
native forms because of desirable properties such as, for 
example, enhanced cellular uptake, enhanced affinity for 
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nucleic acid target and increased stability in the presence 
of nucleases. 

While antisense oligonucleotides are a preferred form 
of antisense compound, the present invention comprehends other 
5 oligomeric antisense compounds, including but not limited to 
oligonucleotide mimetics such as are described below. The 
antisense compounds in accordance with this invention 
preferably comprise from about 8 to about 30 nucleobases. 
Particularly preferred are antisense oligonucleotides 
10 comprising from about 8 to about 30 nucleotides) . As is 
known in the art, a nucleoside is a base-sugar combination. 
The base portion of the nucleoside is normally a heterocyclic 
base. The two most common classes of such heterocyclic bases 
are the purines and the pyrimidines. Nucleotides are 
15 nucleosides that further include a phosphate group covalently 
linked to the sugar portion of the nucleoside. For those 
nucleosides that include a pentof uranosyl sugar, the phosphate 
group can be linked to either the 2-, 3- or 5- hydroxyl moiety 
of the sugar. In forming oligonucleotides, the phosphate 
20 groups covalently link adjacent nucleosides to one another to 
form a linear polymeric compound. In turn the respective ends 
of this linear polymeric structure can be further joined to 
form a circular structure. However, open linear structures 
are generally preferred. Within the oligonucleotide 

25 structure, the phosphate groups are commonly referred to as 
forming the internucleoside backbone of the oligonucleotide. 
The normal linkage or backbone of RNA and DNA is a 3- to 5- 
phosphodiester linkage . 

Specific examples of preferred antisense compounds 
useful in this invention include oligonucleotides containing 
modified backbones or non-natural internucleoside linkages. 
As defined in this specification, oligonucleotides having 
modified backbones include those that retain a phosphorus atom 
in the backbone and those that do not have a phosphorus atom 
in the backbone. For the purposes of this specification, and 
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as sometimes referenced in the art, modified oligonucleotides 
that do not have a phosphorus atom in their internucleoside 
backbone can also be considered to be oligonucleosides . 

Preferred modified oligonucleotide backbones include, 
5 for example, phosphorothioates, chiral phosphorothioates , 
phosphoro-dithioates, phosphotri -ester s , aminoalkyl- 

phosphotri-esters, methyl and other alkyl phosphonates 
including 3-alkylene phosphonates and chiral phosphonates, 
phosphinates , phosphoramidat es including 3-amino 

10 phosphoramidat e and aminoalkylphosphoramidates , 

thionophosphoramidates, thionoalkylphosphonates, 
thionoalkylphosphotriesters, and boranophosphates having 
normal 3-5- linkages, 2-5- linked analogs of these, and those 
having inverted polarity wherein the adjacent pairs of 

15 nucleoside units are linked 3-5- to 5-3- or 2-5- to 5-2-. 
Various salts, mixed salts and free acid forms are also 
included . 

Representative United States patents that teach the 
preparation of the above phosphorus-containing linkages 
include, but are not limited to, U.S.: 3,687,808; 4,469,863 



20 



4,476,301; 5,023,243 

5,276,019; 5,278,302 

5, 405, 939; 5, 453, 496 

5, 519, 126; 5, 536, 821 



5,264, 423 
5, 399, 676 
5, 476, 925 
5, 563,253 



5, 177, 196; 5, 188, 897 
5,286,717; 5,321,131 
5, 455, 233; 5, 466, 677 
5, 541, 306; 5, 550, 111 
25 5,571,799; 5,587,361; and 5,625,050, each of which is herein 
incorporated by reference. 

Preferred modified oligonucleotide backbones that do not 
include a phosphorus atom therein have backbones that are 
formed by short chain alkyl or cycloalkyl internucleoside 
30 linkages, mixed heteroatom and alkyl or cycloalkyl 
internucleoside linkages, or one or more short chain 
heteroatomic or heterocyclic internucleoside linkages. These 
include those having morpholino linkages (formed in part from 
the sugar portion of a nucleoside) ; siloxane backbones; 
35 sulfide, sulfoxide and sulfone backbones; formacetyl and 
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10 



thiof ormacetyl backbones; methylene formacetyl and 
thiof ormacetyl backbones; alkene containing backbones; 
sulfamate backbones; methyleneimino and methylenehydrazino 
backbones; sulfonate and sulfonamide backbones; amide 
backbones; and others having mixed N, O, S and CH 2 component 
parts . 

Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are not 
limited to, U.S.: 5,034,506; 5,166,315; 5,185,444; 5,214,134 



5,216, 141 
5,434,257 
5,561,225 
5, 608, 046 
5, 633, 360 



5,235, 033; 
5,466, 677; 
5,596, 086; 
5, 610,289; 



5,264,562 
5,470, 967 
5, 602,240 
5, 618, 704 



5,264,564 
5,489,677 
5, 610,289 
5, 623, 070 



5, 405, 938 
5,541,307 
5, 602,240 
5, 663, 312 



5,677,437; and 5,677,439, each of which is herein 
15 incorporated by reference. 

In other preferred oligonucleotide mimetics, both the 
sugar and the internucleoside linkage, i.e., the backbone, of 
the nucleotide units are replaced with novel groups. The base 
units are maintained for hybridization with an appropriate 
20 nucleic acid target compound. One such oligomeric compound, 
an oligonucleotide mimetic that has been shown to have 
excellent hybridization properties, is referred to as a 
peptide nucleic acid (PNA) . In PNA compounds, the sugar- 
backbone of an oligonucleotide is replaced with an amide 
25 containing backbone, in particular an aminoethylglycine 
backbone. The nucleobases are retained and are bound directly 
or indirectly to aza nitrogen atoms of the amide portion of 
the backbone. Representative United States patents that teach 
the preparation of PNA compounds include, but are not limited 
30 to, U.S.: 5,539,082; 5,714,331; and 5,719,262, each of which 
is herein incorporated by reference. Further teaching of PNA 
compounds can be found in Nielsen et al . , Science, 1991, 254, 
1497-1500. 

Most preferred embodiments of the invention are 
35 oligonucleotides with phosphorothioate backbones and 
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oligonucleosides with heteroatom backbones, and in particular 

-CH 2 -NH-0-CH 2 -, -CH 2 -N(CH 3 )-0-CH 2 - [known as a methylene 

(methylimino) or MMI backbone], -CH 2 -0-N (CH,) -CH 2 - , -CH 2 -N(CH 3 )- 

N(CH 3 )-CH 2 - and -0-N (CH 3 ) -CH 2 -CH 2 - [wherein the native 

5 phosphodiester backbone is represented as -0-P-0-CH 2 -] of the 

above referenced U.S. Patent 5,489,677, and the amide 

backbones of the above referenced U.S. Patent 5,602,240. Also 

preferred are oligonucleotides having morpholino backbone 

structures of the above-referenced U.S. Patent 5,034,506. 

10 Modified oligonucleotides may also contain one or more 

substituted sugar moieties. Preferred oligonucleotides 

comprise one of the following at the 2' position: OH; F; 0-, 

S-, or N-alkyl; 0-, S-, or N-alkenyl; 0-, S- or N-alkynyl; or 

O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl may 

15 be substituted or unsubstituted C x to C 10 alkyl or C 2 to C 10 

alkenyl and alkynyl. Particularly preferred are 

0[(CH 2 ) n O] ra CH 3 , 0(CH 2 ) n OCH 3 , 0(CH 2 ) n NH 2 , 0(CH 2 ) n CH 2 O (CH \ QNH e 

and 0(CH 2 ) n ON[(CH 2 ) n CH 3 )] 2 , where n and m are from 1 to about 

10. Other preferred oligonucleotides comprise one of the 

20 following at the 2- position: Cl to C 10 lower alkyl, 

substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O- 

aralkyl, SH, SCH 3 , OCN, Cl, Br, CN, CF 3 , OCF 3 , SOCH 3 , S0 2 CH 3 , 

ON0 2 , N0 2 , N 3 , NH 2 , heterocycloalkyl, heterocycloalkaryl, 

aminoalkylamino, polyalkylamino, substituted silyl, an RNA 

25 cleaving group, a reporter group, an intercalator , a group for 

improving the pharmacokinetic properties of 

oligonucleotide, or a group for improving the pharmacodynamic 

properties of an oligonucleotide, and other substituents 

having similar properties. A preferred modification includes 

30 an alkoxyalkoxy group, 2 ■ -methoxyethoxy (2 ' -0-CH 2 CH 2 OCH 3 , also 

known as 2 ■ -0- (2-methoxyethyl) or 2--MOE) (Martin et al . , 

Helv. Chim. Acta, 1995, 78, 486-504). Further preferred 

modifications include 2-dimethylaminooxyethoxy , i.e., a 2'- 

0(CH 2 ) 2 ON(CH 3 ) 2 group, also known as 2 1 -DMAOE and 2'- 

35 dimethylaminoethoxyethoxy, i.e., 2 ' -0-CH 2 -0-CH 2 -N (CH 2 ) 2 . 



5, 359, 044 
5, 519, 134 
5, 610, 300 
15 5,670, 633 



5,466,786; 5,514,785 
5,591,722; 5,597,909 
5,646,265; 5,658,873 
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Other preferred modifications include 2 ' -methoxy (2'-0- 
CH 3 ), 2 ' -aminopropoxy (2 • -OCH 2 CH 2 CH 2 NH 2 ) and 2'-fluoro (2'-F). 
Similar modifications may also be made at other positions on 
the oligonucleotide, particularly the 3' position of the sugar 
5 on the 3' terminal nucleotide or in 2-5- linked 
oligonucleotides and the 5' position of 5' terminal 
nucleotide. Oligonucleotides may also have sugar mimetics 
such as cyclobutyl moieties in place of the pentof uranosyl 
sugar. Representative United States patents that teach the 
10 preparation of such modified sugar structures include, but are 
not limited to, U.S.: 4,981,957; 5,118,800; 5,319,080 
5,393,878; 5,446,137 
5, 567,811; 5,576, 427. 
5, 627, 0531 5, 639, 873, 

and 5,700,920, each of which is herein 

incorporated by reference. 

Oligonucleotides may also include nucleobase (often 
referred to in the art simply as "base") modifications or 
substitutions. As used herein, "unmodified" or "natural" 
20 nucleobases include the purine bases adenine (A) and guanine 
(G), and the pyrimidine bases thymine (T) , cytosine (C) and 
uracil (U) . Modified nucleobases include other synthetic and 
natural nucleobases such as 5-methylcytosine (5-me-C) , 5- 
hydroxymethyl cytosine, xanthine, hypoxanthine , 2- 
25 aminoadenine, 6-methyl and other alkyl derivatives of adenine 
and guanine, 2-propyl and other alkyl derivatives of adenine 
and guanine, 2-thiouracil , 2-thiothymine and 2-thiocytosine, 
5-halouracil and cytosine, 5-propynyl uracil and cytosine, 6- 
azo uracil, cytosine and thymine, 5-uracil (pseudouracil) , 4- 
30 thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl 
and other 8-subst ituted adenines and guanines, 5-halo 
particularly 5-bromo, 5-trif luoromethyl and other 5- 
substituted uracils and cytosines, 7-methylguanine and 7- 
methyladenine, 8-azaguanine and 8-azaadenine , 7-deazaguanine 
35 and 7-deazaadenine and 3-deazaguanine and 3-deazaadenine . 
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Further nucleobases include those disclosed in U.S. Patent 

3,687,808, those disclosed in Kroschwitz, J. I., The Concise 

Encyclopedia Of Polymer Science And Engineering, ed. John 

Wiley & Sons, 1990, pages 858-859, those disclosed by Englisch 

5 et al., Angewandte Chemie, International Edition, 1991, 30, 

613, and those disclosed by Sanghvi, Y.S., Crooke, S.T., and 

Lebleu, B. eds., Antisense Research and Applications, CRC 

Press, Boca Raton, 1993, pp. 289-302. Certain of these 

nucleobases are particularly useful for increasing the binding 

io affinity of the oligomeric compounds of the invention. These 

include 5-substituted pyrimidines , 6-azapyrirnidines and N-2, 

N-6 and 0-6 substituted purines, including 2-aminopropyl- 

adenine, 5-propynyluracil and 5-propynylcytosine . 5- 

methylcytosine substitutions have been shown to increase 

15 nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y.S., 

Crooke, S.T. and Lebleu, B., eds., Antisense Research and 

Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and 

are presently preferred base substitutions, even more 

particularly when combined with 2 ' -O-methoxyethyl sugar 

20 modifications. 

Representative United States patents that teach the 
preparation of certain of the above noted modified nucleobases 
as well as other modified nucleobases include, but are not 
limited to, the above noted U.S. 3,687,808, as well as U.S. 

5,130,302; 5,134,066; 5,175,273; 5,367,066 
5,457,187; 5,459,255; 5,484,908; 5,502,177 
5,552,540; 5,587,469; 5,594,121; 5,596,091 
5,681,941; and 5,750,692, each of which is herein 
incorporated by reference. 

Another modification of the oligonucleotides of the 
invention involves chemically linking to the oligonucleotide 
one or more moieties or conjugates which enhance the activity, 
cellular distribution or cellular uptake of the 
oligonucleotide. Such moieties include but are not limited 



25 4,845,205 
5, 432, 272 
5, 525, 711 
5, 614, 617 
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to lipid moieties such as a cholesterol moiety (Letsinger et 
al., Proc. Natl. Acad. Sci. USA, 1989, 86, 6553-6556), cholic 
acid (Manoharan et al., Bioorg. Med. Chem. Let., 1994, 4, 
1053-1060), a thioether, e.g., hexyl-S-tritylthiol (Manoharan 
5 et al., Ann. N.Y. Acad. Sci., 1992, 660, 306-309; Manoharan 
et al., Bioorg. Med. Chem. Let., 1993, 3, 2765-2770), a 
thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 
20, 533-538), an aliphatic chain, e.g., dodecandiol or undecyl 
residues ( Saison-Behmoaras et al., EMBO J., 1991, 10, 1111- 

10 1118; Kabanov et al., FEBS Lett., 1990, 259, 327-330; 
Svinarchuk et al., Biochimie, 1993, 75, 49-54), a 
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl- 
ammonium 1 , 2-di-0-hexadecyl-rac-glycero-3-H-phosphonate 

(Manoharan et al., Tetrahedron Lett., 1995, 36, 3651-3654; 

15 Shea et al., Nucl. Acids Res., 1990, 18, 3777-3783), a 
polyamine or a polyethylene glycol chain (Manoharan et al., 
Nucleosides & Nucleotides, 1995, 14, 969-973), or adamantane 
acetic acid (Manoharan et al . , Tetrahedron Lett., 1995, 36, 
3651-3654), a palmityl moiety (Mishra et al., Biochim. 

20 Biophys. Acta, 1995, 1264, 229-237), or an octadecylamine or 
hexylamino-carbonyl-oxycholesterol moiety (Crooke et al., J. 
Pharmacol. Exp. Ther . , 1996, 277, 923-937. 

Representative United States patents that teach the 
preparation of such oligonucleotide conjugates include, but 

25 are not limited to, U.S.: 4,828,979; 4,948,882; 5,218,105; 



5, 525, 465, 


5,541,313, 


5, 


545, 


730; 


5, 


552, 


538, 


5,578,717, 


5, 580, 731, 


5, 580, 731, 


' 5, 


591, 


584, 


5, 


109, 


124, 


5,118,802, 


5, 138, 045, 


5,414,077, 


• 5, 


486, 


603, 


5, 


512, 


439, 


5,578,718, 


5, 608, 046, 


: 4,587,044, 


4,605, 


735, 


• 4, 


667, 


025, 


4,762, 779, 


30 4, 789, 737, 


: 4,824,941, 


■ 4, 


835, 


263, 


• 4, 


876, 


335, 


: 4,904,582 


4, 958, 013 


; 5,082,830, 


■ 5, 


112, 


963, 


■ 5, 


214, 


136, 


; 5,082,830 


5, 112, 963 


; 5,214,136 


■ 5, 


245, 


022 


t 5, 


254, 


469 


; 5,258,506 


5, 262, 536 


; 5,272,250 


■ 5, 


292, 


873 


• 5, 


317, 


098 


; 5,371,241 


5, 391, 723 


5, 416,203, 5, 


451, 


463 


; 5, 


510, 


475 


; 5,512,667 
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5,514,785; 5,565,552; 5,567,810; 5,574,142; 5,585,481; 
5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 
5,688,941, each of which is herein incorporated by reference. 

It is not necessary for all positions in a given 
5 compound to be uniformly modified, and in fact more than one 
of the aforementioned modifications may be incorporated in a 
single compound or even at a single nucleoside within an 
oligonucleotide. The present invention also includes 
antisense compounds which are chimeric compounds. "Chimeric" 
10 antisense compounds or "chimeras," in the context of this 
invention, are antisense compounds, particularly 
oligonucleotides, which contain two or more chemically 
distinct regions, each made up of at least one monomer unit, 
i.e., a nucleotide in the case of an oligonucleotide compound. 
15 These oligonucleotides typically contain at least one region 
wherein the oligonucleotide is modified so as to confer upon 
the oligonucleotide increased resistance to nuclease 
degradation, increased cellular uptake, and/or increased 
binding affinity for the target nucleic acid. An additional 
20 region of the oligonucleotide may serve as a substrate for 
enzymes capable of cleaving RNA : DNA or RNA : RNA hybrids. By 
way of example, RNase H is a cellular endonuclease which 
cleaves the RNA strand of an RNA: DNA duplex. Activation of 
RNase H, therefore, results in cleavage of the RNA target, 
25 thereby greatly enhancing the efficiency of oligonucleotide 
inhibition of gene expression. Cleavage of the RNA target can 
be routinely detected by gel electrophoresis and, if 
necessary, associated nucleic acid hybridization techniques 

known in the art . 

30 Chimeric antisense compounds of the invention may be 

formed as composite structures of two or more 
oligonucleotides, modified oligonucleotides, oligonucleosides 
and/or oligonucleotide mimetics as described above. Such 
compounds have also been referred to in the art as hybrids or 

35 gapmers. Representative United States patents that teach the 
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preparation of such hybrid structures include, but are not 
limited to, U.S.: 5,013,830; 5,149,797; 5,220,007; 5,256,775; 
5,366,878; 5,403,711; 5,491,133; 5,565,350; 5,623,065; 
5,652,355; 5,652,356; and 5,700,922, each of which is herein 
5 incorporated by reference. 

The antisense compounds used in accordance with this 
invention may be conveniently and routinely made through the 
well-known technique of solid phase synthesis. Equipment for 
such synthesis is sold by several vendors including, for 
10 example, Applied Biosystems (Foster City, CA) . Any other 
means for such synthesis known in the art may additionally or 
alternatively be employed. It is well known to use similar 
techniques to prepare oligonucleotides such as the 
phosphorothioates and alkylated derivatives. 
15 The antisense compounds of the invention are synthesized 

in vitro and do not include antisense compositions of 
biological origin, or genetic vector constructs designed to 
direct the in vivo synthesis of antisense molecules. 

The compounds of the invention may also be admixed, 
20 encapsulated, conjugated or otherwise associated with other 
molecules, molecule structures or mixtures of compounds, as 
for example, liposomes, receptor targeted molecules, oral, 
rectal, topical or other formulations, for assisting in 
uptake, distribution and/or absorption. Representative United 
25 States patents that teach the preparation of such uptake 
distribution and/or absorption assisting formulations include 
but are not limited to, U.S.: 5,108,921; 5,354,844; 5,416,016 
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5,459, 127 
5, 591,721 
5, 213, 804 
5, 416, 016 
5, 527, 528 



5, 521,291 
4,426, 330 
5, 227, 170 
5, 417, 978 
5, 534, 259; 



5,543,158; 5,547,932; 5,583,020 
4,534,899; 5,013,556; 5,108,921 
5,264,221; 5,356,633; 5,395,619 
5,462,854; 5,469,854; 5,512,295 
5,543,152; 5,556,948; 5,580,575; and 
5,595,756, each of which is herein incorporated by reference. 

The antisense compounds of the invention encompass any 
35 pharmaceutical^ acceptable salts, esters, or salts of such 
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esters, or any other compound which, upon administration to 
an animal including a human, is capable of providing (directly 
or indirectly) the biologically active metabolite or residue 
thereof. Accordingly, for example, the disclosure is also 
5 drawn to prodrugs and pharmaceutically acceptable salts of the 
compounds of the invention, pharmaceutically acceptable salts 
of such prodrugs, and other bioequivalents . 

The term "prodrug" indicates a therapeutic agent that 
is prepared in an inactive form that is converted to an active 
10 form (i.e., drug) within the body or cells thereof by the 
action of endogenous enzymes or other chemicals and/or 
conditions. In particular, prodrug versions of the 

oligonucleotides of the invention are prepared as SATE [ (S- 
acetyl-2-thioethyl) phosphate] derivatives according to the 
15 methods disclosed in WO 93/24510 or in WO 94/26764. 

The term "pharmaceutically acceptable salts" refers to 
physiologically and pharmaceutically acceptable salts of the 
compounds of the invention: i.e., salts that retain the 
desired biological activity of the parent compound and do not 
impart undesired toxicological effects thereto. 

Pharmaceutically acceptable base addition salts are 
formed with metals or amines, such as alkali and alkaline 
earth metals or organic amines. Examples of metals used as 
cations are sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable amines are N,N'- 

dibenzylethylenediamine, chloroprocaine , choline, 

diethanolamine, dicyclohexylamine , ethylenediamine, N- 
methylglucamine, and procaine (see, for example, Berge et al., 
"Pharmaceutical Salts," J. of Pharma Sci . , 1977, 66, 1-19). 
The base addition salts of said acidic compounds are prepared 
by contacting the free acid form with a sufficient amount of 
the desired base to produce the salt in the conventional 
manner. The free acid form may be regenerated by contacting 
the salt form with an acid and isolating the free acid in the 
35 conventional manner. The free acid forms differ from their 



20 
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respective salt forms somewhat in certain physical properties 
such as solubility in polar solvents, but otherwise the salts 
are equivalent to their respective free acid for purposes of 
the present invention. As used herein, a "pharmaceutical 
5 addition salt" includes a pharmaceutically acceptable salt of 
an acid form of one of the components of the compositions of 
the invention. These include organic or inorganic acid salts 
of the amines. Preferred addition salts are acid salts such 
as the hydrochlorides, acetates, salicylates, nitrates and 
10 phosphates. Other suitable pharmaceutically acceptable salts 
are well known to those skilled in the art and include basic 
salts of a variety of inorganic and organic acids, such as, 
for example, with inorganic acids, such as for example 
hydrochloric acid, hydrobromic acid, sulfuric acid or 
15 phosphoric acid; with organic carboxylic, sulfonic, sulfo or 
phospho acids or N-substituted sulfamic acids, for example 
acetic acid, propionic acid, glycolic acid, succinic acid, 
maleic acid, hydroxymaleic acid, methylmaleic acid, fumaric 
acid, malic acid, tartaric acid, lactic acid, oxalic acid, 
20 gluconic acid, glucaric acid, glucuronic acid, citric acid, 
benzoic acid, cinnamic acid, mandelic acid, salicylic acid, 
4-aminosalicylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic 
acid, embolic acid, nicotinic acid or isonicotinic acid; and 
with amino acids, such as the 20 alpha-amino acids involved 
25 in the synthesis of proteins in nature, for example glutamic 
acid or aspartic acid, and also with phenylacetic acid, 
methanesulf onic acid, ethanesulf onic acid, 2- 

hydroxyethanesulfonic acid, ethane-1, 2-disulfonic acid, 
benzenesulfonic acid, 4-methylbenzenesulf oic acid, 

30 naphthalene-2-sulfonic acid, naphthalene-1 , 5-disulf onic acid, 
2- or 3-phosphoglycerate, glucose-6-phosphate , N- 
cyclohexylsulfamic acid (with the formation of cyclamates), 
or with other acid organic compounds, such as ascorbic acid. 
Pharmaceutically acceptable salts of compounds may also be 
35 prepared with a pharmaceutically acceptable cation. Suitable 
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pharmaceutical^ acceptable cations are well known to those 
skilled in the art and include alkaline, alkaline earth, 
ammonium and quaternary ammonium cations. Carbonates or 
hydrogen carbonates are also possible. 
5 For oligonucleotides, preferred examples of 

pharmaceutical^ acceptable salts include but are not limited 
to (a) salts formed with cations such as sodium, potassium, 
ammonium, magnesium, calcium, polyamines such as spermine and 
spermidine, etc.; (b) acid addition salts formed with 
10 inorganic acids, for example hydrochloric acid, hydrobromic 
acid, sulfuric acid, phosphoric acid, nitric acid and the 
like; (c) salts formed with organic acids such as, for 
example, acetic acid, oxalic acid, tartaric acid, succinic 
acid, maleic acid, fumaric acid, gluconic acid, citric acid, 
15 malic acid, ascorbic acid, benzoic acid, tannic acid, palmitic 
acid, alginic acid, polyglutamic acid, naphthalenesulf onic 
acid, methanesulf onic acid, p-toluenesulf onic acid, 
naphthalenedisulfonic acid, polygalacturonic acid, and the 
like; and (d) salts formed from elemental anions such as 
20 chlorine, bromine, and iodine. 

The antisense compounds of the present invention can be 
utilized for diagnostics, therapeutics, prophylaxis and as 
research reagents and kits. For therapeutics, an animal, 
preferably a human, suspected of having a disease or disorder 
25 which can be treated by modulating IL-5 signaling is treated 
by administering one or more antisense compounds in accordance 
with this invention. The compounds of the invention can be 
utilized in pharmaceutical compositions by adding an effective 
amount of an antisense compound to a suitable pharmaceutically 
30 acceptable diluent or carrier. Use of the antisense compounds 
and methods of the invention may also be useful 
prophylactically, e.g., to prevent or delay infection, 
inflammation or tumor formation, for example. 

The antisense compounds of the invention are useful for 
35 research and diagnostics, because these compounds hybridize 
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to nucleic acids encoding IL-5 or IL-5Ra, enabling sandwich 
and other assays to easily be constructed to exploit this 
fact. Hybridization of the antisense oligonucleotides of the 
invention with a nucleic acid encoding IL-5 or IL-5Ra can be 
5 detected by means known in the art. Such means may include 
conjugation of an enzyme to the oligonucleotide, 
radiolabelling of the oligonucleotide or any other suitable 
detection means. Kits using such detection means for 
detecting the level of IL-5 or IL-5Ra in a sample may also 

10 be prepared. 

The present invention also includes pharmaceutical 
compositions and formulations which include the antisense 
compounds of the invention. The pharmaceutical compositions 
of the present invention may be administered in a number of 

15 ways depending upon whether local or systemic treatment is 
desired and upon the area to be treated. Administration may 
be topical (including ophthalmic and to mucous membranes 
including vaginal and rectal delivery), pulmonary, e.g., by 
inhalation or insufflation of powders or aerosols, including 

20 by nebulizer; intratracheal, intranasal, epidermal and 
transdermal), oral or parenteral. Parenteral administration 
includes intravenous, intraarterial, subcutaneous, 

intraperitoneal or intramuscular injection or infusion; or 
intracranial, e.g., intrathecal or intraventricular, 

25 administration. Oligonucleotides with at least one 2 1 -0- 
methoxyethyl modification are believed to be particularly 
useful for oral administration. 

Pharmaceutical compositions and formulations for topical 
administration may include transdermal patches, ointments, 

30 lotions, creams, gels, drops, suppositories, sprays, liquids 
and powders. Conventional pharmaceutical carriers, aqueous, 
powder or oily bases, thickeners and the like may be necessary 
or desirable. Coated condoms, gloves and the like may also 
be useful. 
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Compositions and formulations for oral administration 
include powders or granules, suspensions or solutions in water 
or non-aqueous media, capsules, sachets or tablets. 
Thickeners, flavoring agents, diluents, emulsifiers, 
5 dispersing aids or binders may be desirable. 

Compositions and formulations for parenteral, 
intrathecal or intraventricular administration may include 
sterile aqueous solutions which may also contain buffers, 
diluents and other suitable additives such as, but not limited 
10 to, penetration enhancers, carrier compounds and other 
pharmaceutical^ acceptable carriers or excipients. 

Pharmaceutical compositions and/or formulations 
comprising the oligonucleotides of the present invention may 
also include penetration enhancers in order to enhance the 
15 alimentary delivery of the oligonucleotides. Penetration 
enhancers may be classified as belonging to one of five broad 
categories, i.e., fatty acids, bile salts, chelating agents, 
surfactants and non-surfactants (Lee et al . , Critical Reviews 
in Therapeutic Drug Carrier Systems, 1991, 8, 91-192; 
20 Muranishi, Critical Reviews in Therapeutic Drug Carrier 
Systems, 1990, 7, 1-33) . One or more penetration enhancers 
from one or more of these broad categories may be included. 

Various fatty acids and their derivatives which act as 
penetration enhancers include, for example, oleic acid, lauric 
25 acid, capric acid, myristic acid, palmitic acid, stearic acid, 
linoleic acid, linolenic acid, dicaprate, tricaprate, 
recinleate, monoolein (a.k.a. 1-monooleoyl-rac-glycerol ) , 
dilaurin, caprylic acid, arichidonic acid, glyceryl 1- 
monocaprate, l-dodecylazacycloheptan-2-one, acylcarnitines , 
30 acylcholines, mono- and di-glycerides and physiologically 
acceptable salts thereof (i.e., oleate, laurate, caprate, 
myristate, palmitate, stearate, linoleate, etc.) (Lee et al . , 
Critical Reviews in Therapeutic Drug Carrier Systems, 1991, 
8:2, 91-192; Muranishi, Critical Reviews in Therapeutic Drug 
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Carrier Systems, 1990, 7:1, 1-33; El-Hariri et al., J. Pharm. 
Pharmacol., 1992, 44, 651-654). Examples of some presently 
preferred fatty acids are sodium caprate and sodium laurate, 
used singly or in combination at concentrations of 0.5 to 5%. 
5 The physiological roles of bile include the facilitation 

of dispersion and absorption of lipids and fat-soluble 
vitamins (Brunton, Chapter 38 In: Goodman & Oilman's The 
Pharmacological Basis of Therapeutics, 9th Ed., Hardman et 
al., eds., McGraw-Hill, New York, NY, 1996, pages 934-935). 

10 Various natural bile salts, and their synthetic derivatives, 
act as penetration enhancers. Thus, the term "bile salt" 
includes any of the naturally occurring components of bile as 
well as any of their synthetic derivatives. A presently 
preferred bile salt is chenodeoxycholic acid (CDCA) (Sigma 

15 Chemical Company, St. Louis, MO), generally used at 
concentrations of 0.5 to 2%. 

Complex formulations comprising one or more penetration 
enhancers may be used. For example, bile salts may be used 
in combination with fatty acids to make complex formulations. 

20 Preferred combinations include CDCA combined with sodium 
caprate or sodium laurate (generally 0.5 to 5%). 

Chelating agents include, but are not limited to, 
disodium ethylenediaminetetraacetate ( EDTA) , citric acid, 
salicylates (e.g., sodium salicylate, 5-methoxysalicylate and 

25 homovanilate) , N-acyl derivatives of collagen, laureth-9 and 
N-amino acyl derivatives of beta-diketones (enamines) (Lee et 
al., Critical Reviews in Therapeutic Drug Carrier Systems, 
1991, 8:2, 92-192; Muranishi, Critical Reviews in Therapeutic 
Drug Carrier Systems, 1990, 7:1, 1-33; Buur et al., <J. Control 

30 Rel., 1990, 14, 43-51). Chelating agents have the added 
advantage of also serving as DNase inhibitors. 

Surfactants include, for example, sodium lauryl sulfate, 
polyoxyethylene-9-lauryl ether and polyoxyethylene-2 0-cetyl 
ether (Lee et al., Critical Reviews in Therapeutic Drug 
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Carrier Systems, 1991, 8:2, 92-191); and perfluorochemical 
emulsions, such as FC-43 (Takahashi et al., J. Pharm. 
Pharmacol., 1988, 40, 252-257). 

Non-surfactants include, for example, unsaturated cyclic 
5 ureas, 1-alkyl- and 1-alkenylazacyclo-alkanone derivatives 
(Lee et al., Critical Reviews in Therapeutic Drug Carrier 
Systems, 1991, 8:2, 92-191); and non-steroidal anti- 
inflammatory agents such as diclofenac sodium, indomethacin 
and phenylbutazone (Yamashita et al . , J. Pharm. Pharmacol., 

10 1987, 39, 621-626) . 

As used herein, "carrier compound" refers to a nucleic 
acid, or analog thereof, which is inert (i.e., does not 
possess biological activity per se) but is recognized as a 
nucleic acid by in vivo processes that reduce the 

15 bioavailability of a nucleic acid having biological activity 
by, for example, degrading the biologically active nucleic 
acid or promoting its removal from circulation. The 
coadministration of a nucleic acid and a carrier compound, 
typically with an excess of the latter substance, can result 

20 in a substantial reduction of the amount of nucleic acid 
recovered in the liver, kidney or other extracirculatory 
reservoirs, presumably due to competition between the carrier 
compound and the nucleic acid for a common receptor. For 
example, the recovery of a partially phosphorothioated 

25 oligonucleotide in hepatic tissue is reduced when it is 
coadministered with polyinosinic acid, dextran sulfate, 
polycytidic acid or 4-acetamido-4 ' -isothiocyano-st ilbene-2 , 2 1 - 
disulfonic acid (Miyao et al., Antisense Res. Dev., 1995, 5, 
115-121; Takakura et al . , Antisense & Nucl. Acid Drug Dev., 

30 1996, 6, 177-183) . 

In contrast to a carrier compound, a "pharmaceutically 
acceptable carrier" (excipient) is a pharmaceutically 
acceptable solvent, suspending agent or any other 
pharmacologically inert vehicle for delivering one or more 
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nucleic acids to an animal. The pharmaceutically acceptable 
carrier may be liquid or solid and is selected with the 
planned manner of administration in mind so as to provide for 
the desired bulk, consistency, etc., when combined with a 
5 nucleic acid and the other components of a given 
pharmaceutical composition . Typical pharmaceutically 

acceptable carriers include, but are not limited to, binding 
agents (e.g., pregelatinized maize starch, polyvinyl- 
pyrrolidone or hydroxypropyl methylcellulose, etc.); fillers 

10 (e.g., lactose and other sugars, microcrystalline cellulose, 
pectin, gelatin, calcium sulfate, ethyl cellulose, 
polyacrylates or calcium hydrogen phosphate, etc.); lubricants 
(e.g., magnesium stearate, talc, silica, colloidal silicon 
dioxide, stearic acid, metallic stearates, hydrogenated 

15 vegetable oils, corn starch, polyethylene glycols, sodium 
benzoate, sodium acetate, etc.); disintegrates (e.g., starch, 
sodium starch glycolate, etc.); or wetting agents (e.g., 
sodium lauryl sulphate, etc.). Sustained release oral 
delivery systems and/or enteric coatings for orally 

20 administered dosage forms are described in U.S. Patents 
4,704,295; 4,556,552; 4,309,406; and 4,309,404. 

The compositions of the present invention may 
additionally contain other adjunct components conventionally 
found in pharmaceutical compositions, at their art-established 

25 usage levels. Thus, for example, the compositions may contain 
additional compatible pharmaceutically-active materials such 
as, e.g., antipruritics, astringents, local anesthetics or 
anti-inflammatory agents, or may contain additional materials 
useful in physically formulating various dosage forms of the 

30 composition of present invention, such as dyes, flavoring 
agents, preservatives, antioxidants, opacifiers, thickening 
agents and stabilizers. However, such materials, when added, 
should not unduly interfere with the biological activities of 
the components of the compositions of the invention. 
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In certain embodiments of this invention, the antisense 
compounds of the invention may be administered in combination 
with a conventional anti-asthma medication. Typically, two 
types of medication are used in attempts to control asthma: 
5 quick-relief medications (short-acting bronchodilators ) that 
work fast to stop attacks or relieve symptoms and long-term 
preventive medications (especially anti-inflammatory agents) 
that keep symptoms and attacks from starting. Examples of the 
short-acting bronchodilators are short-acting fi>2-agonists , for 

10 example, albuterol, bitolterol, fenoterol isoetharine, 
metaproterenol, pirbuterol, salbutamol and terbutaline; 
anticholinergics, for example ipratropium bromide and 
oxitropium bromide; short-acting theophyllines, for example, 
aminophylline; and epinephrine/adrenaline . Examples of long- 

15 term preventive medications are inhaled or oral 
corticosteroids, for example, beclomethasone, budesonide, 
fluticasone triamcinolone, prednisolone, prednisone and 
methylprednisolone; sodium cromoglycate or cromolyn sodium; 
nedocromil; oral or inhaled long-acting fi>2-agonists , for 

20 example salmeterol, formoterol, terbutaline, salbutamol; 
sustained-release theophyllines, for example, aminophylline, 
methylxanthine and xanthine; and ketotifen. Antisense 
compounds of the present inventions may be administered in 
combination or conjunction with these or any of the asthma 

25 medications known in the art. 

The compounds of the invention may also be administered 
in combination with another inhibitor of IL-5 signal 
transduction, preferably an antibody directed to IL-5. Such 
antibodies are known in the art. 

30 Regardless of the method by which the antisense 

compounds of the invention are introduced into a patient, 
colloidal dispersion systems may be used as delivery vehicles 
to enhance the in vivo stability of the compounds and/or to 
target the compounds to a particular organ, tissue or cell 

35 type. Colloidal dispersion systems include, but are not 
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limited to, macromolecule complexes, nanocapsules, 
microspheres, beads and lipid-based systems including oil-in- 
water emulsions, micelles, mixed micelles, liposomes and 
lipid: oligonucleotide complexes of uncharacterized structure. 
5 A preferred colloidal dispersion system is a plurality of 
liposomes. Liposomes are microscopic spheres having an 
aqueous core surrounded by one or more outer layer (s) made up 
of lipids arranged in a bilayer configuration (see, generally, 
Chonn et al . , Current Op. Biotech., 1995, 6, 698-708). 

10 Certain embodiments of the invention provide for 

liposomes and other compositions containing (a) one or more 
antisense compounds and (b) one or more other chemotherapeutic 
agents which function by a non-antisense mechanism. Examples 
of such chemotherapeutic agents include, but are not limited 

15 to, anticancer drugs such as daunorubicin, dact inomycin, 
doxorubicin, bleomycin, mitomycin, nitrogen mustard, 
chlorambucil, melphalan, cyclophosphamide, 6-mercaptopurine , 
6-thioguanine, cytarabine (CA) , 5-f luorouracil (5-FU), 
floxuridine (5-FUdR), methotrexate (MTX) , colchicine, 

20 vincristine, vinblastine, etoposide, teniposide, cisplatin and 
diethylstilbestrol (DES) . See, generally, The Merck Manual 
of Diagnosis and Therapy, 15th Ed., Berkow et al., eds . , 1987, 
Rahway, N.J., pp. 1206-1228. Anti-inflammatory drugs, 
including but not limited to nonsteroidal anti-inflammatory 

25 drugs and corticosteroids, and antiviral drugs, including but 
not limited to ribovirin, vidarabine, acyclovir and 
ganciclovir, may also be combined in compositions of the 
invention. See, generally, The Merck Manual of Diagnosis and 
Therapy, 15th Ed., Berkow et al., eds., 1987, Rahway, N.J., 

30 pp. 2499-2506 and 46-49, respectively. Other non-antisense 
chemotherapeutic agents are also within the scope of this 
invention. Two or more combined compounds may be used 
together or sequentially. 
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In another related embodiment, compositions of the 
invention may contain one or more antisense compounds, 
particularly oligonucleotides, targeted to a first nucleic 
acid and one or more additional antisense compounds targeted 
5 to a second nucleic acid target- Two or more combined 
compounds may be used together or sequentially. 

The formulation of therapeutic compositions and their 
subsequent administration is believed to be within the skill 
of those in the art. Dosing is dependent on severity and 

10 responsiveness of the disease state to be treated, with the 
course of treatment lasting from several days to several 
months, or until a cure is effected or a diminution of the 
disease state is achieved. Optimal dosing schedules can be 
calculated from measurements of drug accumulation in the body 

15 of the patient. Persons of ordinary skill can easily 
determine optimum dosages, dosing methodologies and repetition 
rates. Optimum dosages may vary depending on the relative 
potency of individual oligonucleotides, and can generally be 
estimated based on EC 50 s found to be effective in in vitro and 

20 in vivo animal models. In general, dosage is from 0.01 jug to 
100 g per kg of body weight, and may be given once or more 
daily, weekly, monthly or yearly, or even once every 2 to 20 
years. Persons of ordinary skill in the art can easily 
estimate repetition rates for dosing based on measured 

25 residence times and concentrations of the drug in bodily 
fluids or tissues. Following successful treatment, it may be 
desirable to have the patient undergo maintenance therapy to 
prevent the recurrence of the disease state, wherein the 
oligonucleotide is administered in maintenance doses, ranging 

30 from 0.01 jug to 100 g per kg of body weight, once or more 
daily, to once every 20 years. 

While the present invention has been described with 
specificity in accordance with certain of its preferred 
embodiments, the following examples serve only to illustrate 

35 the invention and are not intended to limit the same. 
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EXAMPLES 
Example 1 

Nucleoside Phosphoramidites for Oligonucleotide Synthesis 
Deoxy and 2-alkoxy amidites 

5 2-Deoxy and 2-methoxy ft-cyanoethyldiisopropyl phosphor- 

amidites were purchased from commercial sources (e.g. 
Chemgenes, Needham MA or Glen Research, Inc. Sterling VA) . 
Other 2'-0-alkoxy substituted nucleoside amidites are prepared 
as described in U.S. Patent 5,506,351, herein incorporated by 

10 reference. For oligonucleotides synthesized using 2-alkoxy 
amidites, the standard cycle for unmodified oligonucleotides 
was utilized, except the wait step after pulse delivery of 
tetrazole and base was increased to 360 seconds. 

Oligonucleotides containing 5-methyl-2 1 -deoxycyt idine 

15 (5-Me-C) nucleotides were synthesized according to published 
methods (Sanghvi, et . al. , Nucleic Acids Research, 1993, 21, 
3197-3203] using commercially available phosphoramidites (Glen 
Research, Sterling VA or ChemGenes, Needham MA) . 
2-Fluoro amidites 

20 2 - Fluor odeoxyadeno sine amidites 

2'-fluoro oligonucleotides are synthesized as described 
previously by Kawasaki, et . al., J. Med. Chem. , 1993, 36, 831- 
841 and U.S. Patent 5,670,633, herein incorporated by 
reference. Briefly, the protected nucleoside N6-benzoyl-2 1 - 

25 deoxy-2 1 -f luoroadenosine is synthesized utilizing commercially 
available 9-beta-D-arabinof uranos y laden ine as starting 
material and by modifying literature procedures whereby the 
2-alpha-f luoro atom is introduced by a S N 2-displacement of a 
2-beta-trityl group. Thus N6-benzoyl-9-beta-D- 

30 arabinof uranosyladenine was selectively protected in moderate 
yield as the 3 1 , 5 ' -ditetrahydropyranyl (THP) intermediate. 
Deprotection of the THP and N6-benzoyl groups is accomplished 
using standard methodologies and standard methods are used to 
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obtain the 5 ' -dimethoxytrityl- (DMT) and 5 ' -DMT-3 ' - 
phosphoramidite intermediates . 
2-Fluorodeoxyguanosine 

The synthesis of 2 1 -deoxy-2 1 -f luoroguanosine is 
5 accomplished using tet raisopropyldisiloxanyl (TPDS) protected 
9-beta-D-arabinof uranosylguanine as starting material, and 
conversion to the intermediate diisobutyryl- 

arabinof uranosylguanosine . Deprotection of the TPDS group is 
followed by protection of the hydroxyl group with THP to give 
10 diisobutyryl di-THP protected arabinof uranosylguanine . 
Selective O-deacylation and triflation is followed by 
treatment of the crude product with fluoride, then 
deprotection of the THP groups. Standard methodologies are 
used to obtain the 5 1 -DMT- and 5 1 -DMT-3 ' -phosphoramidites . 
1 5 2-Fluorouridine 

Synthesis of 2 1 -deoxy-2 1 -f luorouridine is accomplished 
by the modification of a literature procedure in which 2,2 ! - 
anhydro-l-beta-D-arabinof uranosyluracil is treated with 70% 
hydrogen f luoride-pyridine . Standard procedures were used to 
20 obtain the 5 ' -DMT and 5 1 -DMT-3 1 phosphoramidites . 
2 -Fluorodeoxycy tidine 

2 1 -deoxy-2 1 -f luorocytidine is synthesized via amination 
of 2 1 -deoxy-2 1 -fluorouridine, followed by selective protection 
to give N4-benzoyl-2 1 -deoxy-2 1 -f luorocytidine . Standard 
25 procedures are used to obtain the 5 ? -DMT and 5'-DMT- 
3 1 phosphoramidites . 

2-0- (2-Methoxyethyl) modified amidites 

2 1 -O-Methoxyethyl-substituted nucleoside amidites were 
prepared as follows, or alternatively, as per the methods of 
30 Martin, P., Helvetica Chimica Acta, 1995, 78, 486-504. 

2 , 2 1 -Anhydro [ 1 - (beta-D-arabinofuranosyl) - 5 - 
methyluridine ] 

5-Methyluridine ( ribosylthymine , commercially available 
through Yamasa, Choshi, Japan) (72.0 g, 0.279 M) , diphenyl- 
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carbonate (90.0 g, 0.420 M) and sodium bicarbonate (2.0 g, 
0.024 M) were added to DMF (300 mL) . The mixture was heated 
to reflux, with stirring, allowing the evolved carbon dioxide 
gas to be released in a controlled manner. After 1 hour, the 
5 slightly darkened solution was concentrated under reduced 
pressure. The resulting syrup was poured into diethylether 
(2.5 L) , with stirring. The product formed a gum. The ether 
was decanted and the residue was dissolved in a minimum amount 
of methanol (ca. 400 mL) . The solution was poured into fresh 

10 ether (2.5 L) to yield a stiff gum. The ether was decanted 
and the gum was dried in a vacuum oven (60°C at 1 mm Hg for 24 
hours) to give a solid that was crushed to a light tan powder 
(57 g, 85% crude yield) . The NMR spectrum was consistent with 
the structure, contaminated with phenol as its sodium salt 

15 (ca. 5%). The material was used as is for further reactions 
or purified further by column chromatography using a gradient 
of methanol in ethyl acetate (10-25%) to give a white solid, 
mp 222-4°C. 

2 1 -O-Methoxyethyl-5-methyluridine 

20 2, 2 ' -Anhydro-5-methyluridine (195 g, 0.81 M) , tris (2- 

methoxyethyl) borate (231 g, 0.98 M) and 2-methoxyethanol (1.2 
L) were added to a 2 L stainless steel pressure vessel and 
placed in a pre-heated oil bath at 160°C. After heating for 
48 hours at 155-160°C, the vessel was opened and the solution 

25 evaporated to dryness and triturated with MeOH (200 mL) . The 
residue was suspended in hot acetone (1 L) . The insoluble 
salts were filtered, washed with acetone (150 mL) and the 
filtrate evaporated. The residue (280 g) was dissolved in 
CH 3 CN (600 mL) and evaporated. A silica gel column (3 kg) was 

30 packed in CH 2 Cl 2 /Acetone/MeOH (20:5:3) containing 0.5% Et 3 NH. 
The residue was dissolved in CH 2 C1 2 (250 mL) and adsorbed onto 
silica (150 g) prior to loading onto the column. The product 
was eluted with the packing solvent to give 160 g (63%) of 
product. Additional material was obtained by reworking impure 

35 fractions. 
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2 1 -O-Methoxyethyl-5 1 -O-dimethoxytrityl-5-methyluridine 

2 1 -O-Methoxyethyl-5-methyluridine (160 g, 0.506 M) was 
co-evaporated with pyridine (250 mL) and the dried residue 
dissolved in pyridine (1.3 L) . A first aliquot of 

5 dimethoxytrityl chloride (94.3 g, 0.278 M) was added and the 
mixture stirred at room temperature for one hour. A second 
aliquot of dimethoxytrityl chloride (94.3 g, 0.278 M) was 
added and the reaction stirred for an additional one hour. 
Methanol (170 mL) was then added to stop the reaction. HPLC 

10 showed the presence of approximately 70% product. The solvent 
was evaporated and triturated with CH 3 CN (200 mL) . The 
residue was dissolved in CHC1 3 (1.5 L) and extracted with 
2x500 mL of saturated NaHC0 3 and 2x500 mL of saturated NaCl . 
The organic phase was dried over Na 2 S0 4 , filtered and 

15 evaporated. 275 g of residue was obtained. The residue was 
purified on a 3 . 5 kg silica gel column, packed and eluted with 
EtOAc/Hexane/Acetone (5:5:1) containing 0.5% Et 3 NH. The pure 
fractions were evaporated to give 164 g of product. 
Approximately 20 g additional was obtained from the impure 

20 fractions to give a total yield of 183 g (57%) . 

3 1 -O-Acetyl-2 ? -O-methoxyethyl-5 1 -O-dimethoxytrityl-5- 
methyluridine 

2 f -O-Methoxyethyl-5 ? -O-dimethoxytrityl-5-methyluridine 
(106 g, 0.167 M) , DMF/pyridine (750 mL of a 3:1 mixture 

25 prepared from 562 mL of DMF and 188 mL of pyridine) and acetic 
anhydride (24.38 mL, 0.258 M) were combined and stirred at 
room temperature for 24 hours. The reaction was monitored by 
tic by first quenching the tic sample with the addition of 
MeOH. Upon completion of the reaction, as judged by tic, MeOH 

30 (50 mL) was added and the mixture evaporated at 35°C. The 
residue was dissolved in CHC1 3 (800 mL) and extracted with 
2x200 mL of saturated sodium bicarbonate and 2x200 mL of 
saturated NaCl. The water layers were back extracted with 200 
mL of CHC1 3 . The combined organics were dried with sodium 
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sulfate and evaporated to give 122 g of residue (approx. 90% 
product). The residue was purified on a 3.5 kg silica gel 
column and eluted using EtOAc/Hexane ( 4 : 1 ) . Pure product 
fractions were evaporated to yield 96 g (84%) . An additional 
5 1.5 g was recovered from later fractions. 

3 1 -O-Acetyl-2 1 -O-methoxyethyl-5 1 -O-dimethoxytrityl-5- 

methyl-4-triazoleuridine 

A first solution was prepared by dissolving 3 ? -0-acetyl- 
2 1 -O-methoxyethyl-5 1 -O-dimethoxytrityl-5-methyluridine (96 g, 

10 0.144 M) in CH 3 CN (700 mL) and set aside. Triethylamine (189 
mL, 1.44 M) was added to a solution of triazole (90 g, 1.3 M) 
in CH 3 CN (1 L), cooled to -5°C and stirred for 0.5 hours using 
an overhead stirrer. P0C1 3 was added dropwise, over a 30 
minute period, to the stirred solution maintained at 0-10°C, 

15 and the resulting mixture stirred for an additional 2 hours. 
The first solution was added dropwise, over a 45 minute 
period, to the latter solution. The resulting reaction 
mixture was stored overnight in a cold room. Salts were 
filtered from the reaction mixture and the solution was 

20 evaporated. The residue was dissolved in EtOAc (1 L) and the 
insoluble solids were removed by filtration. The filtrate was 
washed with 1x300 mL of NaHC0 3 and 2x300 mL of saturated NaCl, 
dried over sodium sulfate and evaporated. The residue was 
triturated with EtOAc to give the title compound. 

2 5 2 1 -O-Methoxyethyl-5 1 -O-dimethoxytrityl-5-methylcytidine 

A solution of 3 1 -O-acetyl-2 1 -O-methoxyethyl-5 ' -O- 
dimethoxytrityl-5-methyl-4-triazoleuridine (103 g, 0.141 M) 
in dioxane (500 mL) and NH 4 OH (30 mL) was stirred at room 
temperature for 2 hours. The dioxane solution was evaporated 

30 and the residue azeotroped with MeOH (2x200 mL) . The residue 
was dissolved in MeOH (300 mL) and transferred to a 2 liter 
stainless steel pressure vessel. MeOH (400 mL) saturated with 
NH 3 gas was added and the vessel heated to 100°C for 2 hours 
(tic showed complete conversion) . The vessel contents were 
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evaporated to dryness and the residue was dissolved in EtOAc 
(500 mL) and washed once with saturated NaCl (200 mL) . The 
organics were dried over sodium sulfate and the solvent was 
evaporated to give 85 g (95%) of the title compound. 
5 N4-Benzoyl-2 1 -O-methoxyethyl-5 1 -O-dimethoxytrityl-5- 

methylcytidine 

2 ' -O-Methoxyethyl-5 ? -O-dimethoxytr ityl-5-methylcytidine 
(85 g, 0.134 M) was dissolved in DMF (800 mL) and benzoic 
anhydride (37.2 g, 0.165 M) was added with stirring. After 
10 stirring for 3 hours, tic showed the reaction to be 
approximately 95% complete. The solvent was evaporated and 
the residue azeotroped with MeOH (200 mL) . The residue was 
dissolved in CHC1 3 (700 mL) and extracted with saturated NaHC0 3 
(2x300 mL) and saturated NaCl (2x300 mL) , dried over MgS0 4 and 
15 evaporated to give a residue (96 g) . The residue was 
chromatographed on a 1 . 5 kg silica column using EtOAc/Hexane 
(1:1) containing 0.5% Et 3 NH as the eluting solvent. The pure 
product fractions were evaporated to give 90 g (90%) of the 
title compound. 

20 N4-Benzoyl-2 1 -O-methoxyethyl-5 1 -O-dimethoxytrityl-5- 

methylcytidine-3 1 -amidite 

N4-Benzoyl-2 1 -O-methoxyethyl-5 ' -O-dimethoxytrityl-5- 
methylcytidine (74 g, 0.10 M) was dissolved in CH 2 C1 2 (1 L) . 
Tetrazole diisopropylamine (7.1 g) and 2-cyanoethoxy-tetra- 

25 (isopropyl) phosphite (40.5 mL, 0.123 M) were added with 
stirring, under a nitrogen atmosphere. The resulting mixture 
was stirred for 20 hours at room temperature (tic showed the 
reaction to be 95% complete) . The reaction mixture was 
extracted with saturated NaHC0 3 (1x300 mL) and saturated NaCl 

30 (3x300 mL) . The aqueous washes were back-extracted with CH 2 C1 2 
(300 mL) , and the extracts were combined, dried over MgS0 4 and 
concentrated. The residue obtained was chromatographed on a 
1.5 kg silica column using EtOAc/Hexane (3:1) as the eluting 
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solvent. The pure fractions were combined to give 90.6 g(87%) 
of the title compound. 
Example 2 

Oligonucleotide synthesis 

5 Unsubstituted and substituted phosphodiester (P-O) 

oligonucleotides are synthesized on an automated DNA 
synthesizer (Applied Biosystems model 380B) using standard 
phosphoramidite chemistry with oxidation by iodine. 

Phosphorothioates (P-S) are synthesized as per the 
10 phosphodiester oligonucleotides except the standard oxidation 
bottle was replaced by 0.2 M solution of 3H-1 , 2-benzodithiole- 
3-one 1,1-dioxide in acetonitrile for the stepwise thiation 
of the phosphite linkages. The thiation wait step was 
increased to 68 seconds and was followed by the capping step. 
15 After cleavage from the CPG column and deblocking in 
concentrated ammonium hydroxide at 55°C (18 hr) , the 
oligonucleotides were purified by precipitating twice with 2.5 
volumes of ethanol from a 0 . 5 M NaCl solution. 

Phosphinate oligonucleotides are prepared as described 
20 in U.S. Patent 5,508,270, herein incorporated by reference. 

Alkyl phosphonate oligonucleotides are prepared as 
described in U.S. Patent 4,469,863, herein incorporated by 
reference . 

3 -Deoxy- 3 -methylene phosphonate oligonucleotides are 
25 prepared as described in U.S. Patents 5,610,289 or 5,625,050, 
herein incorporated by reference. Phosphoramidite 
oligonucleotides are prepared as described in U.S. Patent 
5,256,775 or U.S. Patent 5,366,878, herein incorporated by 
reference . 

30 Alkylphosphonothioate oligonucleotides are prepared as 

described in published PCT applications PCT/US94/00902 and 
PCT/US93/06976 (published as WO 94/17093 and WO 94/02499, 
respectively), herein incorporated by reference. 
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3 1 -Deoxy-3 1 -amino phosphoramidate oligonucleotides are 
prepared as described in U.S. Patent 5,476,925, herein 
incorporated by reference. 

Phosphotriester oligonucleotides are prepared as 
5 described in U.S. Patent 5,023,243, herein incorporated by 
reference . 

Borano phosphate oligonucleotides are prepared as 
described in U.S. Patents 5,130,302 and 5,177,198, both herein 
incorporated by reference. 

10 Example 3 

Oligonucleoside Synthesis 

Methylenemethylimino linked oligonucleosides , also 
identified as MM I linked oligonucleosides, methylenedimethyl- 
hydrazo linked oligonucleosides, also identified as MDH linked 

15 oligonucleosides, methy lenecarbony lamino linked 

oligonucleosides, also identified as amide-3 linked 
oligonucleosides, and methyleneaminocarbonyl linked oligo- 
nucleosides, also identified as amide-4 linked oligonucleo- 
sides, as well as mixed backbone compounds having, for 

20 instance, alternating MM I and P-0 or P-S linkages are prepared 
as described in U.S. Patents 5,378,825, 5,386,023, 5,489,677, 
5,602,240 and 5,610,289, all of which are herein incorporated 
by reference . 

Formacetal and thiof ormacetal linked oligonucleosides 
25 are prepared as described in U.S. Patents 5,264,562 and 
5,264,564, herein incorporated by reference. 

Ethylene oxide linked oligonucleosides are prepared as 
described in U.S. Patent 5,223,618, herein incorporated by 
reference . 
30 Example 4 

PNA Synthesis 

PNA oligomers were synthesized in a 10 pmol scale on a 
433A Peptide Synthesizer ( ABI , Perkin-Elmer Corp.) using 
commercially available Boc/Cbz-protected monomers (Perseptive 
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Biosystems, Perkin-Elmer Corp) . The coupling reaction was 
performed using 7 eqv. (70 yimol) monomer (0.25 M in DMF) , 6.8 
eqv. (68 pmol) O- (7-azabenzotriazol-l-yl) -1, 1, 3, 3- 

tetramethyluronium hexaf luorophosphate (HATU, 0.223 M in DMF) 
5 as the condensing reagent and a coupling time of 10 min. The 
coupling efficiency was monitored qualitatively and the 
coupling step was repeated if the test indicated yields below 
99-100% using the following conditions: To increase the 
concentration of activated monomer, HATU (68 lamol, 25.9 mg) 

10 was added to the monomer solution (70 umol, ca. 150 as a 

solid. The synthesis cycle was continued adding DIEA (140 
Vimol, 0.5 M in pyridine), pre-activation of the monomer for 
1 min, and a coupling time of 40min. After cleavage and 
deprotection the PNA oligomers were purified by RP-HPLC using 

15 a 306 Piston Pump System, a 811C Dynamic Mixer, a 170 Diode 
Array Detector and a 215 Liquid Handler from Gilson 
(Middleton, WI). The system was operated with Unipoint 1.8 
Software. The HPLC conditions were as follows: Column: Zorbax 
SB-C18 (250x7.8 mm, 5 300 A); column temperature: 55°C; 

20 Solvent A: 0.1% TFA in H 2 0; Solvent B: CH 3 CN/H 2 0 (80:20); 
Gradient: 0-40 min 0-40% B. After chromatographic purification 
the oligomers were lyophilized and stored at -20°C. 

Peptide nucleic acids (PNAs) , including conjugation of 
amino acids to PNAs, can be prepared in accordance with any 

25 of the various procedures referred to in Peptide Nucleic Acids 
(PNA) : Synthesis, Properties and Potential Applications, 
Bioorganic & Medicinal Chemistry, 1996, 4, 5-23. They may 
also be prepared in accordance with U.S. Patents 5,539,082, 
5,700,922, and 5,719,262, herein incorporated by reference. 

30 Example 5 

Synthesis of Chimeric Oligonucleotides 

Chimeric oligonucleotides, oligonucleosides or mixed 
oligonucleotides/oligonucleosides of the invention can be of 
several different types. These include a first type wherein 
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the "gap" segment of linked nucleosides is positioned between 
5 ? and 3 1 "wing" segments of linked nucleosides and a second 
"open end" type wherein the "gap" segment is located at either 
the 3' or the 5' terminus of the oligomeric compound. 
5 Oligonucleotides of the first type are also known in the art 
as "gapmers" or gapped oligonucleotides. Oligonucleotides of 
the second type are also known in the art as "hemimers" or 
"wingmers" . 



phosphorothioate and 2 1 -deoxy phosphorothioate oligonucleotide 
segments are synthesized using an Applied Biosystems automated 
DNA synthesizer Model 380B, as above. Oligonucleotides are 

15 synthesized using the automated synthesizer and 2-deoxy-5'- 
dimethoxytrityl-3 1 -O-phosphoramidite for the DNA portion and 
5 1 -dimethoxytrityl-2 1 -0-methyl-3 1 -O-phosphoramidite for 5 1 and 
3 1 wings. The standard synthesis cycle is modified by 
increasing the wait step after the delivery of tetrazole and 

20 base to 600 s repeated four times for RNA and twice for 2 1 -O- 
methyl. The fully protected oligonucleotide is cleaved from 
the support and the phosphate group is deprotected in 3:1 
Ammonia/Ethanol at room temperature overnight then lyophilized 
to dryness. Treatment in methanolic ammonia for 24 hours at 

25 room temperature is then done to deprotect all bases and 
sample was again lyophilized to dryness. The pellet is 
resuspended in 1M TBAF in THF for 24 hours at room temperature 
to deprotect the 2 f positions. The reaction is then quenched 
with 1M TEAA and the sample is then reduced to ^ volume by 

30 rotovac before being desalted on a G25 size exclusion column. 
The oligo recovered is then analyzed spectrophotometrically 
for yield and for purity by capillary electrophoresis and by 
mass spectrometry . 



[2 ' -O-Me] [2 ' -deoxy] [2 ' -O-Me ] 
Phosphorothioate Oligonucleotides 

Chimeric oligonucleotides having 



Chimeric 



10 



2 1 -O-alkyl 
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[2 ' -O- (2-Methoxyethyl) ] [2 ' -deoxy] [2 1 -O- (2- 
Methoxyethyl) ] Chimeric Phosphorothioate 

Oligonucleotides 

[2 ' -0- (2-methoxyethyl) ] — [2 1 -deoxy] — [-2 1 -0- (methoxy- 
5 ethyl)] chimeric phosphorothioate oligonucleotides were 
prepared as per the procedure above for the 2-0-methyl 
chimeric oligonucleotide, with the substitution of 2-0- 
(methoxyethyl) amidites for the 2-0-methyl amidites. 

[2 1 -O- (2-Methoxyethyl) Phosphodies ter ] — [2 1 -deoxy 
10 Phosphorothioate] -- [2 1 -O- (2-Methoxyethyl) 

Phosphodies ter] Chimeric Oligonucleotides 
[2 1 -0- (2-methoxyethyl phosphodiester ] -- [2 1 -deoxy phos- 
phorothioate] [2 1 -0- (methoxyethyl) phosphodiester] chimeric 
oligonucleotides are prepared as per the above procedure for 
15 the 2-0-methyl chimeric oligonucleotide with the substitution 
of 2-0- (methoxyethyl ) amidites for the 2-0-methyl amidites , 
oxidization with iodine to generate the phosphodiester 
internucleotide linkages within the wing portions of the 
chimeric structures and sulf urization utilizing 3,H-1,2 
20 benzodithiole-3-one 1,1 dioxide (Beaucage Reagent) to generate 
the phosphorothioate internucleotide linkages for the center 
gap. 

Other chimeric oligonucleotides, chimeric oligonucleo- 
sides and mixed chimeric oligonucleotides/oligonucleosides are 
25 synthesized according to U.S. Patent 5,623,065, herein 
incorporated by reference. 
Example 6 

Oligonucleotide I solation 

After cleavage from the controlled pore glass column 
30 (Applied Biosystems) and deblocking in concentrated ammonium 
hydroxide at 55°C for 18 hours, the oligonucleotides or 
oligonucleosides were purified by precipitation twice out of 
0.5 M NaCl with 2.5 volumes ethanol. Synthesized 
oligonucleotides were analyzed by polyacrylamide gel 
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electrophoresis on denaturing gels and judged to be at least 
85% full length material. The relative amounts of 

phosphorothioate and phosphodiester linkages obtained in 
synthesis were periodically checked by 31 P nuclear magnetic 
5 resonance spectroscopy, and for some studies oligonucleotides 
were purified by HPLC, as described by Chiang et al. f J. Biol. 
Chem. 1991, 266, 18162-18171. Results obtained with HPLC- 
purified material were similar to those obtained with non-HPLC 
purified material. 
10 Example 7 

Analysis of oligonucleotide inhibition of IL-5 or IL-5Ra 
expression 

Antisense modulation of IL-5 or IL-5Ra expression can 
be assayed in a variety of ways known in the art. For 

15 example, IL-5 or IL-5Ra mRNA levels can be quantitated by 
Northern blot analysis, RNAse protection assay (RPA) , 
competitive polymerase chain reaction (PCR) , or real-time PCR 
(RT-PCR) . RNA analysis can be performed on total cellular RNA 
or poly (A) + mRNA. Methods of RNA isolation are taught in, for 

20 example, Ausubel, et al . , Current Protocols in Molecular 
Biology, Volume 1, John Wiley & Sons, Inc., 1993, pp. 4.1.1- 
4.2.9 and 4.5.1-4.5.3. Northern blot analysis is routine in 
the art and is taught in, for example, Ausubel, et al., 
Current Protocols in Molecular Biology, Volume 1, John Wiley 

25 & Sons, Inc., 1996, pp. 4.2.1-4.2.9. Real-time quantitative 
(PCR) can be conveniently accomplished using the commercially 
available ABI PRISMJ 7700 Sequence Detection System, available 
from PE-Applied Biosystems, Foster City, CA and used according 
to manufacturer's instructions. Other methods of PCR are also 

30 known in the art. 

IL-5 or IL-5Ra protein levels can be quantitated in a 
variety of ways well known in the art, such as 
immunoprecipitation, Western blot analysis ( immunoblotting) , 
ELISA, flow cytometry or fluorescence-activated cell sorting 
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(FACS) . Antibodies directed to IL-5 or IL-5Ra can be 
identified and obtained from a variety of sources, such as 
PharMingen Inc., San Diego CA, or can be prepared via 
conventional antibody generation methods. Methods for 

5 preparation of polyclonal antisera are taught in, for example, 
Ausubel, et al., Current Protocols in Molecular Biology, 
Volume 2, John Wiley & Sons, Inc., 1997, pp. 11.12.1-11.12.9. 
Preparation of monoclonal antibodies is taught in, for 
example, Ausubel, et al., Current Protocols in Molecular 
10 Biology, Volume 2, John Wiley & Sons, Inc., 1997, pp. 11.4.1- 
11.11.5. 

Immunoprecipitation methods are standard in the art and 
can be found at, for example, Ausubel, et al., Current 
Protocols in Molecular Biology, Volume 2, John Wiley & Sons, 

15 Inc., 1998, pp. 10.16.1-10.16.11. Western blot (immunoblot) 
analysis is standard in the art and can be found at, for 
example, Ausubel, et al., Current Protocols in Molecular 
Biology, Volume 2, John Wiley & Sons, Inc., 1997, pp. 10.8.1- 
10.8.21. Enzyme-linked immunosorbent assays (ELISA) are 

20 standard in the art and can be found at, for example, Ausubel, 
et al., Current Protocols in Molecular Biology, Volume 2, John 
Wiley & Sons, Inc., 1991, pp. 11.2.1-11.2.22. 
Example 8 

Poly (A) + mRNA isolation 

25 Poly (A) + mRNA is isolated according to Miura et al., 

Clin. Chem., 1996, 42, 1758-1764. Other methods for poly (A) + 
mRNA isolation are taught in, for example, Ausubel, et al., 
Current Protocols in Molecular Biology, Volume 1, John Wiley 
& Sons, Inc., 1993, pp. 4.5.1-4.5.3. Briefly, for cells grown 

30 on 96-well plates, growth medium is removed from the cells and 
each well is washed with 200 juL cold PBS. 60 yuL lysis buffer 
(10 mM Tris-HCl, pH 7.6, 1 mM EDTA, 0.5 M NaCl, 0.5% NP-40, 
20 mM vanadyl-ribonucleoside complex) is added to each well, 
the plate is gently agitated and then incubated at room 
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temperature for five minutes. 55 /xL of lysate is transferred 
to Oligo d(T) coated 96-well plates (AGCT Inc., Irvine CA) . 
Plates are incubated for 60 minutes at room temperature, 
washed 3 times with 200 /uL of wash buffer (10 mM Tris-HCl pH 
5 7.6, 1 mM EDTA, 0.3 M NaCl). After the final wash, the plate 
is blotted on paper towels to remove excess wash buffer and 
then air-dried for 5 minutes. 60 yuL of elution buffer (5 mM 
Tris-HCl pH 7.6), preheated to 70°C is added to each well, the 
plate is incubated on a 90°C hot plate for 5 minutes, and the 
10 eluate is then transferred to a fresh 96-well plate. 

Cells grown on 100 mm or other standard plates may be 
treated similarly, using appropriate volumes of all solutions. 
Example 9 

Total RNA Isolation 

15 Total mRNA is isolated using an RNEASY 96J kit and 

buffers purchased from Qiagen Inc. (Valencia CA) following the 
manufacturer's recommended procedures. The kit can be used 
with cells grown on a variety of sizes of plate or bottle, 
including 96-well plates. Briefly, for cells grown on 96-well 

20 plates, growth medium is removed from the cells and each well 
is washed with 200 juL cold PBS. 100 ju~L Buffer RLT is added to 
each well and the plate vigorously agitated for 20 seconds. 
100 yuL of 70% ethanol is then added to each well and the 
contents mixed by pipetting three times up and down. The 

25 samples are then transferred to the RNEASY 96J well plate 
attached to a QIAVACJ manifold fitted with a waste collection 
tray and attached to a vacuum source. Vacuum is applied for 
15 seconds. 1 mL of Buffer RW1 is added to each well of the 
RNEASY 96J plate and the vacuum again applied for 15 seconds. 

30 1 mL of Buffer RPE is then added to each well of the RNEASY 
96J plate and the vacuum applied for a period of 15 seconds. 
The Buffer RPE wash is then repeated and the vacuum is applied 
for an additional 10 minutes. The plate is then removed from 
the QIAVACJ manifold and blotted dry on paper towels. The 

35 plate is then re-attached to the QIAVACJ manifold fitted with 
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a collection tube rack containing 1.2 mL collection tubes. 
RNA is then eluted by pipetting 60 ,uL water into each well, 
incubating 1 minute, and then applying the vacuum for 30 
seconds. The elution step is repeated with an additional 60 
5 yuL water. 
MOUSE IL-5 
Example 10 

Antisense inhibition of murine IL-5 expression 

In accordance with the present invention, a series of 

10 antisense oligonucleotides were designed to target different 
regions of murine IL-5 RNA, using published sequences (Genbank 
Accession No. X06271 incorporated herein as SEQ ID NO: 1) . 
The oligonucleotides are shown in Table 1. Target sites are 
indicated by nucleotide numbers, as given in the sequence 

15 source reference (Genbank Accession No. X06271) to which the 
oligonucleotide binds. All compounds in Table 1 are chimeric 
oligonucleotides ("gapmers") 20 nucleotides in length, 
composed of a central "gap" region consisting of ten 2'- 
deoxynucleotides, which is flanked on both sides (5 ! and 3' 

20 directions) by f ive-nucleotide "wings". The wings (shown in 
bold) are composed of 2 1 -O-methoxyethyl (2 , -MOE) nucleotides. 
The internucleoside (backbone) linkages are phosphorothioate 
(P-S) throughout the oligonucleotide. Cytidine residues in 
the 2 1 -MOE regions are 5-methylcytidines but cytidines in the 

25 2 1 -deoxy regions are unmodified unless otherwise indicated. 



TABLE 1 

Murine IL-5 Antisense Oligonucleotides 



ISIS 


NUCLEOTIDE SEQUENCE 1 


SEQ 


TARGET 


TARGET 


NO. 


(5' -> 3') 


ID 


SITE 2 


REGION 






NO: 






16975 


CCCAAGCAATTTATTCTCTC 


2 


510-529 


5 1 UTR 


16976 


TCAGCAAAGGAAGAGCGCAG 


3 


544-563 


Coding 



ISPH-0782 



- 47 - 



PATENT 



16977 


CACTGTGCTCATGGGAATCT 


4 


654-673 


Coding 


16978 


ACTTTACCTCATTGCTTGTC 


5 


718-7 37 


Coding 


16979 


TCAGAGCGGTATAGCAAGGT 


6 


774-793 


Coding 


16980 


CTCATC GT CT GC AAAGGAAA 


7 


1548- 
1567 


Coding 


16981 


TATGAGTAGGGACAGGAAGC 


8 


1568- 
1587 


Coding 


16982 


ATTTTTATGAGTAGGGACAG 


9 


1573- 
1592 


Coding 


16983 


AGCACGGCAGTAAAGAATAA 


10 


1598- 
1617 


Coding 


16984 


ACAAGGAAAACAAAGAGAGG 


11 


2380- 
2399 


Coding 


16985 


CTGGTGCTGAAAGAAGATTA 


12 


3454- 
3473 


Coding 


16986 


CCACGGACAGTTTGATCCTT 


13 


3513- 
3532 


Coding 


16987 


AATGACAGGTTTTGGAATAG 


14 


3549- 
3568 


Coding 


16988 


GCGGTCAATGTATTTCTTTA 


15 


3571- 
3590 


Coding 


16989 


GGAACTTACTTTTTGGCGGT 


16 


3586- 
3605 


Coding 
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16990 


CAGACTGTCAGGTTGGCTCC 


17 


3644- 
3663 


Coding 


16991 


TCCTCGCCACACTTCTCCTG 


18 


3673- 
3692 


Coding 


16992 


AACTGCCTCGTCCTCCGTCT 


19 


3694- 
3713 


Coding 


16993 


TACTC AT C AC AC C AAGGAAC 


20 


3732- 
3751 


Coding 


16994 


CTCAGCCTCAGCCTTCCATT 


21 


3762- 
3781 


Stop 


16995 


TTAAATTGTGAAGTCCTGTC 


22 


3794- 
3813 


3 1 -UTR 


16996 


AAATAT AAAT GGAAACAGCA 


23 


3874- 
3893 


3 ' -UTR 


16997 


CTACAGGACATAAATATAAA 


24 


3885- 
3904 


3 1 -UTR 


16998 


TATACAAAAAGGTTAAACAC 


25 


3938- 
3957 


3 1 -UTR 


16999 


GGTTATCCTTGGCTACATTA 


26 


4001- 
4020 


3 ' -UTR 



1 All linkages are phosphorothioate linkages. Residues shown 
in bold are 2 f -methoxyethoxy , remaining residues are 2 1 - 
deoxy. All 2 1 -methoxyethoxy C residues are also 5-methyl C. 

2 Nucleotide numbers from Genbank Accession No. X06271, SEQ 
15 ID NO. 1 to which the oligonucleotide is targeted. 

Oligonucleotides were tested in EL-4 T cells (ATCC TIB- 
39, American Type Culture Collection, Manassas, VA) by 
Northern blot analysis as described in previous examples using 
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a commercially available murine IL-5 probe. These cells are 
PHA responsive and PMA plus cAMP elevating agents induce a 
several hundredfold increase in IL-5 synthesis by these cells. 
Cells were maintained and stimulated to express IL-5 according 
5 to published methods and transfected with oligonucleotide via 
electroporation . 

Oligonucleotides were tested at a concentration of 10 juM. 
The results are shown in Table 2: 

TABLE 2 

10 Effect of Antisense Oligonucleotides on Murine 



IL-5 iaRNA Levels 



ISIS 
NO. 


SEQ 

ID NO: 


TARGET REGION 


% CONTROL 


% INHIB 


16975 


2 


5 ' UTR 


89.4 


10.6 


16976 


3 


Coding 


93.2 


6.8 


16977 


4 


Coding 


107 . 8 




16978 


5 


Coding 


95 


5 


16979 


6 


Coding 


96. 9 


3.1 


16980 


7 


Coding 


91 


9 


16981 


8 


Coding 


55. 8 


44 . 2 


16982 


9 


Coding 


60 


40 


16983 


10 


Coding 


67. 6 


32.4 


16984 


11 


Coding 


73.2 


26.8 


16985 


12 


Coding 


71. 6 


28 . 4 


16986 


13 


Coding 


74 . 2 


25 . 8 


16987 


14 


Coding 


104 
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16988 


15 


Coding 


98.8 


1.2 


16989 


16 


Coding 


107 




16990 


17 


Coding 


148 




16991 


18 


Coding 


107 




16992 


19 


Coding 


70 


30 


16993 


20 


Coding 


78 . 1 


21.9 


16994 


21 


Stop 


79.4 


20.6 ! 


16995 


22 


3 ' -UTR 


95.7 


4 . 3 


16996 


23 


3 ' -UTR 


113 




16997 


24 


3 ' -UTR 


122 




16998 


25 


3 1 -UTR 


110 




16999 


26 


3 ' -UTR 


68.1 


31. 9 ! 



SEQ ID NO 8, 9, 10, 19 and 26 (ISIS 16981, 16982, 16983, 16992 
and 16999, respectively) showed at least 30% inhibition of IL- 
15 5 expression in this assay and are therefore preferred. 
Example 11 

Dose response comparison of ISIS 16992 and 16999 for reduction 
of murine IL-5 mRNA levels 

ISIS 16992 and 16999 (SEQ ID NO: 19 and 26, respectively) 
20 were screened at concentrations of 5 to 25 yuM in EL-4 T cells 
for the ability to decrease IL-5 mRNA levels. Oligonucleotides 
were introduced to cells by electroporation and mRNA levels 
were measured by Northern blot analysis. 

An IC50 (oligonucleotide concentration at which mRNA was 
25 decreased by 50% compared to control) of approximately 15 juM 
was obtained for ISIS 16992 and approximately 18 juM for ISIS 
16999. 
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ISIS 16999 was compared to 1, 3, and 5-mismatch control 
sequences (ISIS Nos 17983, 17984 and 17985; SEQ ID Nos : 30, 
31 and 32, respectively) in dose-response measurements of IL-5 
mRNA levels after oligonucleotide treatment. In this 
5 experiment ISIS 16999 had an IC50 of approximately 9 juM and 
ISIS 17983, the 1-base mismatch control, had an IC50 of 
approximately 13 yuM. IC50s were not obtainable for the 3- and 
5-base mismatch controls which reduced IL-5 mRNA levels only 
by 8% and 17%, respectively. 
10 Example 12 

Dose response comparison of ISIS 16992 and 16999 for reduction 
of murine IL-5 protein levels 

ISIS 16992 and 16999 (SEQ ID NO: 19 and 26, respectively) 
were screened at concentrations of 5 to 25 /uM in EL-4 T cells 

15 for the ability to decrease IL-5 protein levels. 
Oligonucleotides were introduced to cells by electroporation 
and protein levels were measured by ELISA assay using a murine 
IL-5 ELISA kit (Endogen, Woburn, MA) . Starting IL-5 
concentrations in the absence of oligonucleotide were 

20 approximately 2300 pg/ml and this was decreased to 
approximately 200 pg/ml at 25 juM ISIS 16992 and 400 pg/ml at 
25 juM ISIS 16999. An IC50 of approximately 13 juM was obtained 
for ISIS 16992 and approximately 15 juM for ISIS 16999. 
Example 13 

25 Effect of ISIS 16999 on IL-5 secretion by EL-4 cells 

EL-4 cells were treated with ISIS 16999 at doses from 5 
to 20 juM as described in previous examples. Secreted IL-5 in 
the medium was detected by ELISA assay as in previous 
examples . 

30 Secreted IL-5 levels were reduced by 13.5-fold as 

oligonucleotide concentration was increased from zero to 10 
yuM. ISIS 16989, which did not reduce IL-5 mRNA levels (see 
Table 2 above) , showed much lesser reduction (approximately 
2.5-fold) in secreted IL-5 levels. IL-5 levels stayed low for 

35 at least 72 hours after treatment with ISIS 16999. 
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Example 14 

Optimization of Antisense Inhibition of Murine IL-5 Expression 

An additional series of oligonucleotides targeted to 
murine IL-5 was synthesized. The oligonucleotide sequences 
5 are those previously tested but with modified gap placement. 
Sequences are shown in Table 3. Target sites in this table 
refer back to the ISIS number of the parent compound of the 
same sequence shown in previous tables . 

TABLE 3 

10 Optimization of Antisense Modulation of Murine IL-5 



Expression 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3" ) 


SEQ 

ID 

NO: 


TARGET 
SITE 2 


CHEMISTRY 


17858 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


P-S; 2'- ! 
MOE 


17859 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


P-S; 2'- 
MOE /2 ' - 

deoxy 


17860 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


P-S; 2'- 
MOE /2 ' - 

deoxy 


17861 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


P-S; 2 ' - 
MOE /2 ' - 

deoxy 


17862 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


P-S; 2 ' - 
MOE /2'- 
deoxy 


17863 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 
16992 


P-S; 2'- 
MOE 
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17864 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 

i a n n o 

1 6 y y Z 


P-S; 2'- 
MOE / 2 1 - 

deoxy 


17865 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 

i b y y z 


P-S; 2 ' - 
MOE /2 1 - 

deoxy 


17866 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 

"1 £T Q Q o 

i by y z 


P-S; 2'- 
MOE / 2 1 - 

deoxy 


17867 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 
16992 


P-S ; 2 ' - 
MOE /2'- 

deoxy 


17868 


GGTTATCCTTGGCTACATTA 


2 6 


ISIS 
16999 


P-S ; 2 1 - 
MOE 


17869 


GGTTATCCTTGGCTACATTA 


26 


ISIS 

-i r n r> a 

ibyyy 


P-S; 2'- 
MOE / 2 f - 

deoxy 


17870 


GGTTATCCTTGGCTACATTA 


26 


ISIS 

-i a n n n 

I6y y y 


P-S; 2 ' - 
MOE / 2 1 - 

deoxy 


17871 


GGTTATCCTTGGCTACATTA 


26 


ISIS 
16999 


P-S; 2'- 
MOE /2 1 - 

deoxy 


17872 


GGTTATCCTTGGCTACATTA 


26 


ISIS 

1 ^QQQ 

ibyyy 


P-S; 2'- 
MOE / 2 1 - 

deoxy 


17980 


AACTGCCTCCTCCTCCGTCT 


27 


ISIS 
16992 1 
mismatch 


P-S; 2 ' - 
MOE /2 f - , 
deoxy; 
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17981 


AACTGCCACCTGCTCCGTCT 


28 


ISIS 

x o y y z o. 

mismatch 


P-S; 2'- 
MOE / 2 1 - 

deoxy; 


17982 ; 


AACTGGCACCTGCACCGTCT 


29 


ISIS 

± b y y z d_ 

mismatch 


P-S; 2 ' - 
MOE /2 1 - | 

deoxy; 


17983 


GGTTATCCTAGGCTACATTA 


30 


ISIS 

± b y y y l. 

mismatch 


P-S; 2 1 - 
MOE / 2 1 - 

deoxy; 


17984 


GGTTAT CGTAGCCT ACATTA 


31 


ISIS 

i b y y y o. 

mismatch 


P-S; 2 1 - 
MOE / 2 1 - 

deoxy ; 


17985 


GGTTAACGTAGCCAACATTA 


32 


ISIS 
16999 5 
mismatch 


P-S; 2'- 
MOE /2'- 
deoxy ; 


17994 


AACTGCCTCCTCCTCCGTCT 


19 


ISIS 
16992 


P-S; 2'- 
deoxy 


17995 


GGTTATCGTAGCCTACATTA 


26 


ISIS 
16999 


P-S; 2 ' - 
deoxy 


18242 


GGTTATCCTTGGCTACATTA 


26 


ISIS 
16999 


PS; 2 f - 
MOE /2'- 
deoxy ; 
All C- 
5meC 


18243 


GGTTATCCTTGGCTACATTA 


26 


ISIS 
16999 


PS; 2'- 
MOE /2'- 
deoxy ; 
All C- 
5meC 
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18244 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 
16992 


PS; 2'- 
MOE /2'- 
deoxy; 
All C- 
5meC 


18245 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 
16992 


PS; 2 ! - 
MOE/ 2 ' - 

deoxy; 
All C- 
5meC 


18246 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


PS; 2'- 
MOE /2'- 
deoxy ; 
All C- 
5meC 


18247 


TATGAGTAGGGACAGGAAGC 


8 


ISIS 
16981 


PS; 2 f - 
MOE /2'- 

deoxy; i 
All C- 
5meC 


20391 


GGTT AT C C T T G G C T ACAT T A 


26 


ISIS 
16999 


PS; 2'- 
MOE /2 1 - 
deoxy; 
All C- 
5meC 




GGTTA1 1 i CjCjC 1 ACATTA 


Z O 


TCTC 

_L o ± o 

16999 


P-O/2 ' - 

deoxy/P- 
S; 

All C- 
5meC 



ISPH 



-0782 
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20393 


GGTTAACGTAGCCAACATTA 


32 


ISIS 

16999 

5 

mismatch 


PS; 2'- 
MOE /2 ! - 
deoxy ; 
All C- 
5meC; 


9 n ^ Q A 




o Z 


16999 5 
mismatch 


P-O/2 ■ - 

deoxy/P- 
S; 

All C- 
5meC; 


20564 


GGTTATCCTTGGCTACATTA 


26 


ISIS 
16999 


P-0; 2'- 
MOE /2'- 

deoxy; 
All C- 
5meC; 


21437 


GGTTATCCTTGGCTACATTA 


26 


ISIS 
16999 


P-S; 2'- 
MOE /2'- 
deoxy; 
5 ' FITC 


21882 


GGTTATCCTTGGCTACATTA 


26 


ISIS 
16999 


P-O; 2 ' - 
MOE /2'- 
deoxy; 
All C- 
5meC; 


z ± y b b 


AACTGLC 1 CCj 1 1 LCGTCT 




TCTC 

± o _L o 

16992 


P-O/2 ' - 

deoxy/P- 
S; 

All C- 
5meC; 



ISPH 
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21967 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 
16992 


PS; 2'- 
MOE /2'- 

deoxy ; 
All C- 
5meC 


21968 


AACTGCCTCGTCCTCCGTCT 


19 


ISIS 
16992 


P-O; 2'- 
MOE /2 1 - 

deoxy; 
All C- 
5meC 


21970 


GGTTAACGTAGCCAACATTA 


32 


ISIS 
16999 5 
mismatch 


P-O; 2 1 - 
MOE /2 1 - 

deoxy; 
All C- 
5meC; 


9 9 n £ 1 




9 Q 


TOTO 
-L O X O 

16992 5 
mismatch 


P-O/2 1 - 

deoxy/P- 
S; 

All C- 
5meC; 


22088 


AACTGG C AC C T G C AC CGTCT 


29 


ISIS 
16992 5 
mismatch 


P-O; 2'- 
MOE /2'- 

deoxy ; 
All C- 
5meC; 


24232 


AACTGGCACCTGCACCGTCT 


29 


ISIS 
16992 5 
mismatch 


PS; 2'- 
MOE /2 1 - 

deoxy; 
All C- 
5meC; 
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1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2 ! -deoxy-). Unless otherwise indicated, 2 1 -MOE C residues are 
5 1 -methyl-C (5meC) and 2 1 -deoxy C residues are unmodified. 

2 Target sites in this table refer back to the ISIS number 

5 of the compound of the same sequence shown in previous tables. 

ISIS 17868, 17869, 17860, 18242 and 18243, all gap 
variants of ISIS 16999 (SEQ ID NO: 26) , were tested and 
compared to the parent oligonucleotide, ISIS 16999 for ability 
to reduce IL-5 mRNA levels in EL-4 cells. In a screen at 15 

10 juM oligonucleotide concentration (the IC50 for ISIS 16999) , 
ISIS 18243 gave comparable activity to ISIS 16999. ISIS 17870 
and 18242 were slightly less active, ISIS 17869 showed modest 
activity and ISIS 17868 was virtually inactive. In a 
subsequent dose-response assay, ISIS 17870 and 18243 showed 

15 activity comparable to or slightly better than that of ISIS 
16999. 

ISIS 17858, 17859, 17860, 18246 and 18247, all gap 
variants of ISIS 16981 (SEQ ID NO: 8), were tested and 
compared to the parent oligonucleotide, ISIS 16981, for 

20 ability to reduce IL-5 mRNA levels in EL-4 cells. In a screen 
at 15 juM oligonucleotide concentration, ISIS 17859 and 18246 
showed activity comparable to the parent, ISIS 16981, with 
ISIS 18247 only slightly less active. ISIS 17858 and 17860 
were more active than the parent compound. All of the ISIS 

25 16981 gap variants tested are therefore preferred. 

ISIS 17863, 17864, 17865, 18244 and 18245, all gap 
variants of ISIS 16992 (SEQ ID NO: 19) , were tested and 
compared to the parent oligonucleotide, ISIS 16992. In a 
screen at 15 juM oligonucleotide concentration, ISIS 18245 

30 showed activity only slightly (approx 20%) less than the 
parent compound. ISIS 17863 and 18244 were modestly active and 
ISIS 17864 and 17865 were nearly inactive. Thus ISIS 18245 is 
also preferred. 

ISIS 16999 was also compared to ISIS 20391, a compound 

35 of the same sequence, backbone and gap placement but with 5- 
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methyl cytosines in place of every cytosine (in both the deoxy 
gap and the 2 1 -methoxyethoxy regions), and to ISIS 20392, 
which was identical to ISIS 20391 except the backbone was 
phosphodiester (P-0) in the 2 1 methoxyethoxy regions and 
5 phosphorothioate (P-S) in the deoxy gap. Oligos were compared 
at doses of 5, 15 and 25 juM for ability to reduce IL-5 mRNA 
levels in EL-4 cells. Both ISIS 20391 and 20392 showed roughly 
comparable activity to ISIS 16999, with 20392 slightly more 
active than the parent. Both of these compounds are therefore 
10 preferred. 5-base mismatches of both ISIS 20391 and 20392 were 
inactive at all concentrations. ISIS 20564, a full 
phosphodiester compound, was virtually inactive at these 
concentrations in a separate experiment. 
Example 15 

15 Effect of IL-5 antisense oligonucleotide ISIS 20391 on in vivo 
T cell IL-5 mRNA expression 

IL-5 mRNA expression was measured in EL-4 T cells by 
real-time quantitative PCR using the TaqMan system on a 
Perkin-Elmer ABI PRISM 7700. Relative IL-5 levels were 
20 normalized to GAPDH levels. The primer and probe sequences 
were as follows: 
murine IL5: 

Probe: 5'-6-FAM DYE-AG TGT TCT GAC TCT CAG CTG TGT CTG GGC- 
TAMRA DYE-3* (SEQ ID NO: 33) 
25 Sense: 5 1 -TTC AGA GTC ATG AGA AGG ATG CTT-3 ' (SEQ ID NO: 34) 
Antisense: 5' ACC ACT GTG CTC ATG GGA ATC T-3 ' (SEQ ID NO: 35) 
GAPDH: 

Probe: 5 1 -6-FAM DYE-AAG GCC GAG AAT GGG AAG CTT GTC ATC-TAMRA 
DYE-3 ' (SEQ ID NO: 36) 
30 Sense: 5 1 -GGC AAA TTC AAC GGC ACA GT-3 1 (SEQ ID NO: 37) 

Antisense: 5 1 -GGG TCT CGC TCC TGG AAG AT-3 1 (SEQ ID NO: 38). 
ISIS 20391 reduced IL-5 mRNA levels by 75% compared to 
ovalbumin-induced IL-5 levels, whereas the mismatch 
oligonucleotide ISIS 20393 reduced IL-5 mRNA by only 40%. 
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Example 16 

Effect of ISIS 20391 (targeted to murine IL-5) on ovalbumin- 
induced peritonitis in Balb/c mice. 

An eosinophil peroxidase (EPO) colorimetric assay was 
5 used to measure the effect of oligonucleotides on eosinophilia 
in peritoneal lavage fluid after ovalbumin immunization and 
challenge. The method used is a modification of Strath et al., 
J. Immunol. Meth. , 1985, 83, 209-215. Briefly, the substrate 
solution consists of 0.05 M o-phenylenediamine dihydrochloride 

10 (OPD, Sigma Chem. Co., St. Louis, MO) in 0.05 M Tris buffer 
containing 1 mM hydrogen peroxide and 0.1% Triton X-100. 
Reaction mixture is added to cells, incubated in the dark for 
30 minutes and the reaction was stopped by addition of 1/4 
volume of 4 M sulfuric acid. The EPO was measured as the 

15 absorbance at 4 92 nm, blanked against substrate solution. 
Using this assay, EPO levels are proportional to number of 
eosinophils present. Mice were dosed chronically with 
oligonucleotides. Ovalbumin challenge increased EPO levels in 
peritoneal lavage fluid over sixteenfold. ISIS 20391 dosed 

20 chronically at 5 mg/kg reduced EPO levels after ovalbumin 
induction by 47%. The mismatch control reduced EPO by 
approximately 12.6%. 

A dose-dependent reduction of EPO by ISIS 20391 was 
obtained, with approximately 75% reduction at lOmg/kg 

25 oligonucleotide dose compared to 29% reduction by the mismatch 
control. The IL-5 oligonucleotide correspondingly reduced 
eosinophil infiltration into the peritoneal cavity by 86% 
compared to the ovalbumin challenge control, while the 
mismatch only reduced infiltration by 26%. Using chronic 

30 subcutaneous administration (5 mg/kg/day for 15 days using 
implanted minipumps) a slight but reproducible inhibitory 
effect of the IL-5 oligonucleotide on eosinophilia in an 
ovalbumin lung challenge model has also been obtained. 
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Example 17 

Reduction of IL-5 protein in peritoneal lavage fluid by ISIS 
20391 following 7 day dosing schedule 

Mice were dosed daily with ISIS 20391 at 5 or 20 mg/kg 
5 for 7 days. Following peritoneal lavage, IL-5 protein levels 
were measured using an ELISA assay. IL-5 levels in ovalbumin- 
treated mice were approximately 160 pg/ml . Treatment with ISIS 
20391 at 5 and 20 mg/kg reduced IL-5 concentrations in 
peritoneal fluid to 110 and 80 pg/ml, respectively. A control 
10 oligonucleotide at 5 and 20 mg/kg reduced IL-5 levels to 160 
and 130 pg/ml. 
Example 18 

Effect of IL-5 antisense oligonucleotide on ovalbumin- induced 
murine lung asthma model. 

15 Airway inflammation is observed in patients with allergic 

asthma. A murine model of allergic asthma has been developed, 
(Hessel et al . J. Immunol. 1998, 160, 2998-3005). 
Sensitization of BALB/c mice with ovalbumin induces a high 
level of ovalbumin-specif ic IgE in serum. Inhalation of 

20 ovalbumin in sensitized mice causes an immediate 
bronchoconstrictive response. Repeated inhalation of 

ovalbumin in sensitized animals induces nonspecific airway 
hyperresponsiveness in vivo, and infiltration of leukocytes 
in airway tissue. 

25 Pathogen-free male BALB/c ByJ mice were obtained from 

Jackson Laboratories. Active sensitization is performed by IP 
injection of 20 ?g of ovalbumin (Sigma Chemical Co, St. Louis, 
MO, grade II) in aluminum hydroxide adjuvant on days 2 and 9 
of 16 days of daily oligonucleotide treatment. This produces 

30 high titers of total IgE in mouse serum of which 80% is 
ovalbumin-specif ic IgE (Hessel et al., J. Immunol., 1998, 160, 
2998-3005) . On day 16 of treatment, mice are exposed either 
2% ovalbumin aerosol for 1 minute. The aerosol is generated 
with a nebulizer such as Medix 8001 (Sussex, UK) . 
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Oligonucleotides were dissolved in saline and injected daily 
i.v. in the tail vein by bolus infusion at the indicated doses 
from 2 days before antigen sensitization through challenge. 

Bronchoalveolar lavage (BAL) is used to measure the 
5 leukocyte infiltration of airway tissue. 24 hours after the 
ovalbumin aerosol, mice were euthanized, tracheal cannulation 
was performed and saline washes collected. Percent eosinophils 
in BAL were determined. 

Unsensitized mice had 1.6% eosinophils in BAL fluid; 
10 after ovalbumin sensitization this increased to 37.6%. ISIS 
20391 at 5, 10 and 20 mg/kg reduced eosinophilia in BAL to 
11.8%, 5.5% and 3.8%, respectively. The latter two are 
statistically significant reductions. Mismatch control 
oligonucleotide ISIS 20393 at 10 and 20 mg/kg yielded BAL 
15 eosinophil counts of 33.6% and 28.4%, respectively. The 
positive control, dexamethasone, reduced eosinophil counts to 
5.8%. 

Airway responsiveness to methacholine is measured in vivo 
24 hours after the last aerosol exposure. Baseline nebulized 

20 methacholine dose response curves were constructed at day 0 
before antigen sensitization for all groups of animals. 
Pulmonary function was monitored using a Buxco BioSystem 
Plethysmograph (Buxco, Troy NY) and expressed as enhanced 
pause (Penh) which correlates to measured airway resistance 

25 (Hamelmann et al., Am . J.Respir. Crit. Care Med., 1997, 156, 
766-775) . Following challenge with aerosolized albumin, 
pulmonary function recordings were performed for 30 minutes 
to examine the early phase allergic response. For the late 
phase reaction, recordings were performed every hour from 2 

30 hours to 9 hours after ovalbumin challenge. Airway 
responsiveness was measured at 24 hours after antigen 
challenge by measuring the airway response to methacholine for 
3 minutes at each dose. Post-challenge recordings were 
compared to baseline recordings for each group to generate a 

35 Penh stimulation index. As a positive control, dexamethasone 
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was administered i.p., 25 mg/kg, 1 day before the 
sensitization , 2 hours before the challenge, and 18 hours 
after the challenge. 

Plethysmography results showed that ISIS 20391 at 10 or 
5 20 mg/kg inhibited the methacholine-induced allergic airway 
hyperresponsiveness, reducing the peak Penh index from 
approximately 2.0 (no oligo) to approximately 1.25 after 
oligonucleotide treatment in several experiments. 
Dexamethasone, the positive control, reduced the Penh to 

10 approximately 1.0. 

Data from one experiment was expressed another way, in 
terms of PC100, (provocation challenge 100 ) the concentration of 
methacholine needed to give a twofold increase in airway hyper 
reactivity. Unsensitized mice had a PC100 of 40.1 mg/ml 

15 methacholine. After ovalbumin sensitization, the PC100 was 
9.84, indicating that much lower doses of methacholine caused 
the same increase in airway reactivity. This effect was 
reversible in part by ISIS 20391. At 5 mg/kg ISIS 20391 the 
PC100 was 10.6, but at 10 and 20 mg/kg the PC100 was increased 

20 to 30.7 and 41.6 mg/kg showing a reverse in airway hyper 
reactivity. Dexamethasone had a PC100 of 29.8 mg/kg 
methacholine . 
Example 19 

Early and late phase allergic airway response in mouse whole 
25 body plethysmography model 

Ovalbumin challenge produces a two-phased response with 
separate and distinct peaks in airway hyper reactivity at 
approximately 2 minutes and approximately 2 hours after 
ovalbumin challenge. The first peak is about a twofold 
30 increase in Penh and the second peak is larger, a three- to 
four-fold increase in Penh. The late phase response was 
mitigated by ISIS 20391 at doses of 10 and 20 mg/kg. In 
particular, the late response, in which Penh reaches 
approximately 0.7 two hours after ovalbumin challenge 
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(compared to 0.25 for unsensitized mice) was reduced by ISIS 
20391 at lOmg/kg to a Penh of approximately 0.4, which was a 
statistically significant reduction. Dexamethasone reduced the 
Penh to approximately 0.3. The mismatch control, ISIS 20393 
5 at 10 mg/kg showed a statistically insignificant reduction of 
late phase Penh to approximately 0.5. In a higher-dose 
experiment, ISIS 20391 at 20 mg/kg reduced the Penh 2 hours 
after ovalbumin challenge from 0.7 to 0.425, which was 
statistically significant. Mismatch control ISIS 20393 at 20 
10 mg/kg reduced Penh to approximately 0.6 which was not 
significant, and dexamethasone (positive control) reduced the 
response to approximately 0.25. 
HUMAN IL-5 
Example 20 

15 Human IL-5 Antisense oligonucleotides 

A series of antisense compounds were designed to target 
mRNA encoding human IL-5. These compounds are shown in Table 
4. 

TABLE 4 

20 Nucleotide Sequences of Human IL-5 Oligonucleotides 



ISIS 


NUCLEOTIDE SEQUENCE 1 


SEQ 


TARGET 


TARGET 


NO. 


(5' -> 3- ) 


ID 


SITE 2 


REGION 






NO: 






16071 


CTTTGGCAAAGAAAGTGCAT 


39 


0509-0528 


5 ' -UTR 


16072 


CGTTCTGCGTTTGCCTTTGG 


40 


0523-0542 


5 ' -UTR 


16073 


TCCTCATGGCTCTGAAACGT 


41 


0540-0559 


AUG 


16074 


AAGAAAATTACCTCATTGGC 


42 


0688-0707 


Coding 


16075 


TTACAGCACACCAGCATTCA 


43 


0857-0876 


Coding 


16076 


TCCTCAGAGT CT GGAGAGGA 


44 


0895-0914 


Coding 
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16077 


6GAAC AG G AAT C C T C AGAGT 


45 


0905-0924 


Coding 


16078 


TTTAACTTACATTTTTATGT 


46 


0928-0947 


Coding 


16079 


TTTACTTATTCATGCCATCA 


47 


0964-0983 i 


Coding 


16080 


GACACGATGCTCTTTGGGAA 


48 


1161-1180 


Coding 


16081 


CATTTTAATATGACCAGGCA 


49 


1407-1426 


Coding 


16082 


TTCTAGGCAACAAACCACCA 


50 


1627-1646 


Coding 


16083 


ACAGTT GGT GC T AAATGAGG 


51 


1873-1892 


Coding 


16084 


TTCTTCAGTGCACAGTTGGT 


52 


1884-1903 


Coding 


16085 


ACCCCCTTGCACAGTTTGAC 


53 


1932-1951 


Coding 


16086 


TGGCCGTCAATGTATTTCTT 


54 


1988-2007 


Coding 


16087 


TGTAACTTACTTTTTGGCCG 


55 


2002-2021 


Coding 


16088 


TCCATAGAAATAGGCACAGC 


56 


2051-2070 


Coding 


16089 


CACACTTTTTCTGTGAAAAA 


57 


2108-2127 


Coding 


16090 


ATTGGTTTACTCTCCGTCTT 


58 


2135-2154 


Coding 


16091 


TTATCCACTCGGTGTTCATT 


59 


2186-2205 


Coding 


16092 


TCCTTCTCCTCCAAAATCTT 


60 


2241-2260 


3 ' -UTR 


16093 


TGGCCCTCATTCTCACTGCA 


61 


2269-2288 


3 ' -UTR 


16094 


TCTGGCAAAGTGTCAGTATG 


62 


2352-2371 


3- ' UTR 


16095 


TTGCCTGGAGGAAAATACTT 


63 


2416-2435 


3 ' -UTR 
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16096 


CTTTGGCAAAGAAAGTGCAT 


64 


0509-0528 


5 ' -UTR 


16097 


CGTTCTGCGTTTGCCTTTGG 


65 


0523-0542 


5'-UTR 


16098 


AAGAAAATTACCTCATTGGC 


66 


0688-0707 


Coding 


16099 


TCCTCAGAGTCTGGAGAGGA 


67 


0895-0914 


Coding 


16100 


TTTAACTTACATTTTTATGT 


68 


0928-0947 


Coding 


16101 


ACAGTTGGTGCTAAATGAGG 


69 


1873-1892 


Coding 


16102 


TGTAACTTACTTTTTGGCCG 


70 


2002-2021 


Coding 


16103 


CACACTTTTTCTGTGAAAAA 


71 


2108-2127 


Coding 


17986 


TCTGGCAAACTGTCAGTATG 


72 


mismatch 


16094 


17987 


TCTGGCATACTCTCAGTATG 


73 


mismatch 


16094 


17988 


TCTGGGATACTCTGAGTATG 


74 


mismatch 


16094 


17989 


TTGCCT GG ACGAAAATACTT 


75 


mismatch 


16095 


17990 


TTGCCTGCACGTAAATACTT 


76 


mismatch 


16095 


17991 


TTGCCAGCACGTATATACTT 


77 


mismatch 


16095 



15 

1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2 f -deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

Nucleotide numbers from Genbank Accession No. X12706, locus 
20 name AHSBCDIFFI0, SEQ ID NO. 78 to which the oligonucleotide 
is targeted . 

These oligonucleotides were electroporated into human 
HSB-2 cells and tested for effect on IL-5 mRNA by Northern 
blot analysis as described in previous examples. The HSB-2 
25 T-cell line was obtained from the American Type Culture 
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Collection and cells are cultured according to ATCC 
recommendations. They produce IL-5 upon induction with PMA + 
ionomycin. Oligonucleotides were tested by Northern blot 
analysis at a concentration of 10 jMA for their ability to 
5 block IL-5 mRNA expression. The results are shown in Table 
5. 



TABLE 5 

Activity of Antisense Oligonucleotides Targeted 

to Human IL-5 



ISIS 
NO. 


SEQ ID 

NO: 


TARGET 
REGION 


% CONTROL 


% INHIB 


16071 


39 


5 ' -UTR 


124 




16072 


40 


5 ' -UTR 


93 . 1 




16073 


41 


AUG 


101 




16074 


42 


Coding 


146 




16075 


43 


Coding 


144 




16076 


44 


Coding 


296 




16077 


45 


Coding 


157 




16078 


46 


Coding 


166 




16079 


47 


Coding 


75 


25 


16080 


48 


Coding 


224 




16081 


49 


Coding 


215 




16082 


50 


Coding 


94 . 3 


5.7 


16083 


51 


Coding 


110 
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16084 


52 


Coding 


22.2 


77 . 8 


16085 


53 


Coding 


45.4 


54 . 6 


16086 


54 


Coding ; 


158 




16087 


55 


Coding 


98 . 7 


1.3 


16088 


56 


Coding 


88. 4 


11. 6 


16089 


57 


Coding 


139 





16090 


58 


Coding 


72 


28 


16091 


59 


Coding 


125 





16092 


60 


3 1 -UTR 


nd 


nd 


16093 


61 


3 ' -UTR 


78 . 5 


21 . 5 


16094 


62 


3- 'UTR 


58. 1 


41 . 9 


16095 


63 


3 1 -UTR 


157 





16096 


64 


5 ' -UTR 


164 





16097 


65 


5 ' -UTR 


286 





16098 


66 


Coding 


117 





16099 


67 


Coding 


157 





16100 


68 


Coding 


163 





16101 


69 


Coding 


94 . 4 


5. 6 


16102 


70 


Coding 


109 




16103 


71 


Coding 


172 
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ISIS 16084, 16085 and 16094 inhibited IL-5 mRNA 
expression by at least 40%. 

A dose-response curve was generated for inhibition of 
5 human IL-5 protein expression in HSB-2 cells by ISIS 16085. 
Cells untreated with oligonucleotide were found to express 
approximately 47 pg/ml IL-5. After treatment with ISIS 16085 
at 5, 15 and 25 jjM doses, IL-5 levels dropped to 21, 0 and 0 
pg/ml, respectively. Treatment with a 1-mismatch control 

10 oligonucleotide at 5, 15 and 25 juM doses gave IL-5 levels of 
26, 25 and 20 pg/ml, respectively. Treatment with a 3-mismatch 
control oligonucleotide at 5, 15 and 25 juM doses gave IL-5 
levels of 52, 48 and 46 pg/ml, respectively. A 5-mismatch 
oligonucleotide did not inhibit, and at some doses stimulated, 

15 IL-5 protein expression. 
Example 21 

Inhibition of IL-5 expression by ISIS 16085 in human CEM T 
cells 

Using an RNAse protection assay (RiboquantJ hCK4 , 
20 Pharmingen, La Jolla CA) , it was determined that ISIS 16085 
inhibited IL-5 expression in a second T cell line, CEM 
(obtained from American Type Culture Collection) with an IC50 
estimated at approximately 25 /uM. IL-5 expression is induced 
in these cells by treatment with PMA plus ionomycin in the 
25 presence of IL-2, anti-CD28 crosslinking antibody, and 
dibutyryl cAMP. Dose response analysis of ISIS 16085 vs. its 
5-mismatch control in stimulated CEM cells showed a dose- 
dependent decrease in IL-5 mRNA of about 50% at 25 jM 
oligonucleotide, compared with about 22% reduction with the 
30 mismatch control. No decreases were seen in other cytokine 
gene products measured in this assay panel. 
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Example 22 

Optimization of Oligonucleotides Targeted to Human IL-5 

Additional 2 1 -methoxyethoxy gapmer oligonucleotides were 
designed to optimize placement and size of 2 f deoxy regions. 
5 These are shown in Table 6. 

TABLE 6 



Nucleotide Analogues of Human IL-5 Oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3') 


SEQ 

ID 

NO: 


TARGET 
SITE 2 


TARGET 
REGION 


16090 


ATTGGTTTACTCTCCGTCTT 


58 


2135-2154 


Coding 


17873 


ATTGGTTTACTCTCCGTCTT 


ii 


ii 


ii 


17874 


ATTGGTTTACTCTCCGTCTT 


ii 


ii 


ii 


17875 1 


ATTGGTTTACTCTCCGTCTT 


ii 


ii 


ii 


17876 


ATTGGTTTACTCTCCGTCTT 


ii 


ii 


ii 


17877 


ATTGGTTTACTCTCCGTCTT 


ii 


ii 




16094 


TCTGGCAAAGTGTCAGTATG 


62 


2352-2371 


3- 1 UTR 


17878 


TCTGGCAAAGTGTCAGTATG 


62 


II 


ii 


17879 


TCTGGCAAAGTGTCAGTATG 


II 


II 


ii 


17880 


TCTGGCAAAGTGTCAGTATG 


II 


II 


ii 


17881 


TCTGGCAAAGTGTCAGTATG 


II 


II 


ii 


17882 


TCTGGCAAAGTGTCAGTATG 


II 


II 


ti 


17992 


TCTGGCAAAGTGTCAGTATG 


II 


II 


ii 
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16095 


TTGCCTGGAGGAAAATACTT 


63 


2416-2435 


3 ' -UTR 


17883 


TTGCCTGGAGGAAAATACTT 


ff 


II 


II 


17884 


TTGCCTGGAGGAAAATACTT 


If 


II 


II 


17885 


TTGCCTGGAGGAAAATACTT 


If 


If 


II 


17886 


TTGCCTGGAGGAAAATACTT 


If 


ff 


II 


17887 


TTGCCTGGAGGAAAATACTT 


II 


ff 


II 


17993 


TTGCCTGGAGGAAAATACTT 


fl 


1 1 


II 


18248 


TTGCCTGGAGGAAAATACTT 


If 


If 


II 


18249 


TTGCCTGGAGGAAAATACTT 


ff 


fl 


II 


18250 


TCTGGCAAAGTGTCAGTATG 


62 


2352-2371 


3- 1 UTR 


18251 


TCTGGCAAAGTGTCAGTATG 


f 1 


ff 


II 


18252 


ATTGGTTTACTCTCCGTCTT 


58 


2135-2154 


Coding 


18253 


ATTGGTTTACTCTCCGTCTT 


II 


fl 


ii 



15 1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2'-deoxy~) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

Nucleotide numbers from Genbank Accession No. X12706, locus 
name AHSBCDiFFI@ , SEQ ID NO. 78 to which the oligonucleotide 
20 is targeted. 

TABLE 7 

Nucleotide Analogues of Human IL-5 Oligonucleotides 

Mixed backbone [phosphorothioate (P-S) and 

phosphodiester (P-O) ] or all-phosphodiester (P-O) backbone 
25 analogs of ISIS 16095 and its mismatch control were also 
designed. These are shown in Table 7. 
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TABLE 7 



ISIS 


NUCLEOTIDE SEQUENCE 1 


SEQ 
in 

NO: 


TARGET 
REGION 


21883 


TTGCCTGGAGGAAAATACTT 


64 


mixed backbone; 
P-0 in 2 f MOE 
regions and P-S 
in 2 1 deoxy gap i 


22103 


TTGCCAGCACGTATATACTT 


77 


mixed backbone; 
P-0 in 2 f MOE 
regions and P-S 
in 2 1 deoxy gap; 
21883 mismatch i 


23114 


TTGCCTGGAGGAAAATACTT 


63 


P-0 throughout 


23115 


TTGCCAGCACGTATATACTT 


77 


P-0 throughout; 
23114 mismatch 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
10 2 1 -deoxy-); all "C" and "C" residues, 5-methyl-cytosines ; 
linkages in 2 1 -deoxy gaps are phosphorothioate linkages, 
linkages in 2 1 -MOE regions are phosphodiester linkages. 

MOUSE IL-5 RECEPTOR 
Example 23 
15 Mouse IL-5 receptor a oligos 

The mRNA encoding the membrane form of the mouse IL- 
receptor a contains 11 exons . The transmembrane domain of the 
receptor is encoded in exon 9. Two mRNAs encoding soluble 
(secreted) forms of the receptor result from differential 
20 splicing events. The mRNA encoding soluble form 1 of the 
receptor is missing exon 9 (exon 8 is spliced to exon 10) and 
the mRNA encoding soluble form 2 is missing exons 9 and 10 
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(exon 8 is spliced to exon 11) . Imamura et al., DNA and Cell 
Biology, 13, 283-292. 

Murine BCI^ cells were chosen for screening antisense 
oligonucleotides targeted to murine IL-5 receptor a. These are 
5 B-cell leukemia cells derived from a spontaneously arising 
tumor of BALB/c origin, and proliferate in response to murine 
or human IL-5. This is a CD5+ line which resembles a subset 
of human chronic lymphocytic leukemia tumors and secretes IgM 
upon lipopolysaccharide stimulation. Cells were obtained from 

10 the American Type Culture Collection and cultured in RPMI 1640 
medium supplemented with 10% heat-inactivated fetal bovine 
serum (Sigma Chemical Co., St. Louis, MO), 10 mM Hepes, pH 
7.2, 50 juM 2-ME, 2 mM L-glutamine, 100 U/ml penicillin and 100 
/uq/ml streptomycin (Gibco, Grand Island, NY) . 

15 A series of antisense oligonucleotides were designed to 

target the murine IL-5 receptor. All are chimeric "gapmers" 
with 2 1 -methoxyethoxy flanks and central 10-base deoxy "gaps" 
and a phosphorothioate backbone throughout. Cells (1 x 10 7 
cells in PBS) were transfected with oligonucleotides by 

20 electroporation at 200V, 1000 /llF using a BTX Electro Cell 
Manipulator 600 (Genetronics, San Diego CA) . Antisense 
oligonucleotide sequences are shown in Table 8. 

TABLE 8 

Nucleotide sequences of mouse IL-5 receptor a 
2 5 oligonucleotides 







SEQ 






ISIS 


NUCLEOTIDE SEQUENCE 1 


ID 


TARGET 


TARGET 


NO. 


(5' -> 3') 


NO: 


SITE 


REGION 


16924 


GACCTGTCCAGTGAGCTTCT 


79 


0112-0131 2 


5 ' -UTR 


16925 


TAGCCGAATACTGGAAAGGT 


80 


0281-0300 


5 ' -UTR 


16926 


AACACAGGCACCATGGTAGC 


81 


0297-0316 


AUG 
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16927 


CTCTTGGTCAGGATTTGGGT 


82 


0445-0464 


Coding 


16928 


TCCTCACGCTAGCTGCAAAG 


83 


0572-0591 


Coding 


16929 


ATGGCC T T AAGT GGGTGTGG 


84 


0719-0738 


Coding 


16930 


GAGCCAT T AAT GT GCACAGC 


85 


0927-0946 


Coding 


16931 


TCCACTCGCCCCACCTTCCT 


86 


1250-1269 


Coding 


16932 


AACAAGACGAAGCAGGCAGC 


87 


1338-1357 


Coding 


16933 


CCGGAACCGGTGGAAACAAC 


88 


1400-1419 


Coding 


16934 


CCAACCTCTTCCACACAATG 


89 


1500-1519 


Coding 


16935 


TCCCAT GACT T C AAATCCAA 


90 


1516-1535 


Coding 


16936 


GCAAAAT GCCAT C AAAACGT 


91 


1542-1561 


STOP 


16937 


CGAGCTCTACCACCGCCTGG 


92 


1651-1670 


3 ' -UTR 


16938 


CAAGCTGGCCTCGAACTCAG 


93 


1712-1731 


3 1 -UTR 


16939 


GGATGGGTTGGTGACTTGCA 


94 


1835-1854 


3 1 -UTR 


16940 


TGAGGAAACCAAAGGCCCAT 


95 


1946-1965 


3 ' -UTR 


16941 


TGTCTCCCACTTGCGTCAGG 


96 


2164-2183 


3' -UTR 


16942 


TTGAACAGGCCTATGGAACA 


97 


2306-2325 


3 * -UTR 


16943 


TCTTTTTCACCCCAGGCACG 


98 


2359-2378 


3 ' -UTR 


16944 


AATTCCCATGGATCCTCTTG 


99 


2515-2534 


3 1 -UTR 


16945 


ATCCAGCAATCACCTCCAAA 


100 


2794-2813 


3' -UTR 
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16946 


TGTTCAGCCCATCAAAAAGA 


101 


2984-3003 


3 1 -UTR 


16947 


ATTTGGCTGACAGGACCCCG 


102 


3140-3159 


3 ' -UTR 


16948 


TCCAGAGACTGCCCCACCCA 


103 


3216-3235 


3 ' -UTR 


16949 


CATCTGCTTCTGTATTGCCA 


104 


3381-3400 


3 ' -UTR 


16950 


CCTTTTAGCTCCTTGGGTAC 


105 


3456-3475 


3' -UTR 


16951 


CATTTCTGAGGGTTGCTGGG 


106 


3513-3532 


3 ' -UTR 


18278 


CATCTGATTGTGTCTTGCCA 


107 ; 


mismatch 


16949 


18279 


CATCTGCTTGTGTATTGCCA 


108 


ii 


?» 


18280 


CACCTGATTGTGTCTTGTCA 


109 


?? 


II 


17652 


TGTCCCTCCTTTTGGTGGGG 


110 


0741-0760 3 


Coding 


17653 


TTAGCTCTGTCTCTGCTGAT 


111 


0071-0090 


Coding 


17654 


AACTGCTGGCCAGAGTTGTA 


112 


0611-0630 


Coding 


17655 


CATAGT T AAAG C AAT GATCT 


113 


1091-1110 


Coding 


17656 


GTTTCTCATATTCAGTAACC 


114 


1451-1470 


Coding 


17657 


GGAGTCCTGTATGAGTTCAT 


115 


1571-1590 


3' -UTR 


17658 


TCTGTGCATCCCAGGTGCTG 


116 


1681-1700 


3 1 -UTR 


17659 


CTGGCTGTCCTGGAACTCAC 


117 


1741-1760 


3 1 -UTR 


17660 


TTCAAGGTAAGTCAAGCAAC 


118 


2001-2020 


3' -UTR 


17661 


CTGATGGCTACCACTGGCAA 


119 


2081-2100 


3' -UTR 
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17662 


CACTCTCAATGAGTTCTATC 


120 


2121-2140 


3 ' -UTR 


17663 


TGATGCTGGTTGATCAATCT 


121 


2411-2430 


3 ' -UTR 


17664 


TCAATAGGGAATGGTGTCTT 


122 


2681-2700 


3 ' -UTR 


17665 


TTCCAGAGTACCTAGAAGCC 


123 


2741-2760 


3 ' -UTR 


17666 


CCAACAGGTTGCCATGAAGG 


124 


2851-2870 


3 ' -UTR 


17667 


AGAGAT T AG AAT T G ACTAAG 


125 


2881-2900 


3 ' -UTR 


17668 


ACTATTGCATATACTAGCAA 


126 


3161-3180 


3 ' -UTR 


17669 


CCATCCAATATACAACCACC 


127 


3191-3210 


3 ' -UTR 


17670 


CTCATGGAAGGAGTTACAGA 


128 


3271-3290 


3 ' -UTR 


17671 


TGTGGATACTTCACTGCTTC 


129 


3311-3330 


3 ' -UTR 


17672 


ATCCAATAGATGACTGTGAG 


130 


3401-3420 


3 ' -UTR 


17673 


GTTCATATTGTTGTTCCTGC 


131 


3491-3510 


3 ' -UTR 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
15 2'-deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

Nucleotide numbers from Genbank Accession No. D90205, locus 
name AMUSIL5R@, SEQ ID NO. 132 to which the oligonucleotide 
is targeted. 

20 Nucleotide numbers from Genbank Accession No. S69702, locus 
name "S69702 M , SEQ ID NO. 133 to which the oligonucleotide is 
targeted. 

Total cellular RNA was isolated using the RNeasyJ kit 
(Qiagen, Santa Clara CA) . mRNA was analyzed by RNAse 
25 protection assay (RPA) using the Riboquant Kit and a 
customized riboprobe spanning exon 9 of the IL-5 receptor a 
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(PharMingen, La Jolla CA) . The cDNA probes were generated from 
oligonucleotides matching the exon sequences of either exons 
2, 8,9 or 10. Signals were quantitated using a Molecular 
Dynamics Phosphor Imager . Results are shown in Table 9. 
5 TABLE 9 

Antisense inhibition of mouse IL-5 receptor a mRNA 



expression 



ISIS 
NO. 


SEQ ID 
NO: 


TARGET 
REGION 


% CONTROL 


% INHIB 


16924 


7 9 


5 ' -UTR 


98 


2 


1 6925 


80 


5 1 -UTR 


86 


14 


16926 


81 \ 


AUG 


75 


25 


16927 

X \J ~s c- 1 


82 


Codina 


74 


26 


J_ \J ~S vj 


83 


Codina 


91 


9 


J_ U _7 c- ~J 


84 


Cod i ncr 


87 


13 


16930 


85 


Coding 


90 


10 


16931 


86 


Coding 


108 




16932 


87 


Coding 


93 


7 


16933 


88 


Coding 


102 




16934 


89 


Coding 


55 


45 


16935 


90 


Coding 


108 




16936 


91 


STOP 


76 


24 


16937 


92 


3 ' -UTR 


91 


9 
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16938 


93 


3 ' -UTR 


80 


20 


16939 


94 


3 ' -UTR 


83 


17 


16940 


95 


3 ' -UTR 


81 


19 


16941 


96 


3 ' -UTR 


98 


2 


16942 


97 


3 ' -UTR 


91 


9 


16943 


98 


3' -UTR ; 


81 


19 


16944 


99 


3 ' -UTR 


88 


12 


16945 


100 


3 ' -UTR 


65 


35 


16946 


101 


3 ' -UTR 


82 


18 


16947 


102 


3 ' -UTR 


75 


25 


16948 


103 


3 ' -UTR 


89 


11 


16949 


104 


3 1 -UTR 


52 


48 


16950 


105 


3' -UTR 


87 


13 


16951 


106 


3 ' -UTR 


99 


1 



15 

In this assay, ISIS 16926, 16927, 16934, 16936, 16945, 
16947 and 16949 gave at least approximately 25% inhibition of 
IL-5Ra mRNA expression and are preferred. Of these, ISIS 
16934, 16945 and 16949 gave at least 35% inhibition and are 
20 more preferred. 

ISIS 16934, 16945 and 16949 were chosen for further 
study. These demonstrated IC50s for inhibition of murine IL-5 
receptor a mRNA in BCL X cells of approximately 2.5 /uM, 1 . 5 jliM 
and 1 juM, respectively. ISIS 16949 was tested for effects on 
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IL-5 receptor a protein expression and showed nearly complete 
inhibition . 
Example 24 

Antisense oligonucleotides targeted to exon 9 of mouse IL-5 
5 receptor 

A series of antisense oligonucleotides were designed to 
"walk" the entire exon 9 of the coding region of murine IL-5 
receptor a mRNA. Oligonucleotides were targeted to regions 
starting approximately every 10 nucleobases along the exon 9 
10 sequence, which extends from nucleotides 1288 to 1381 on the 
sequence given as Genbank accession no. D90205. 
Oligonucleotides are shown in Table 10. 

TABLE 10 

Nucleotide Sequences of Mouse IL-5R Oligonucleotides- 2 1 
15 MOE gapmers 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3') 


SEQ 

ID 

NO: 


TARGET 
SITE 2 


TARGET 
REGION 


18001 


CAAGGACTTCCTTTCCTTTC 


134 


1288-1307 


Coding 
/exon 9 


18002 


GCCATTCTACCAAGGACTTC 


135 


1298-1317 


Coding 
/exon 9 


18003 


ACAATGAGATGCCATTCTAC 


136 


1308-1327 


Coding 
/exon 9 


18004 


TGTTGGGAGCACAATGAGAT 


137 


1318-1337 


Coding 
/exon 9 


18005 


AGCAGGCAGCTGTTGGGAGC 


138 


1328-1347 


Coding 
/exon 9 


18006 


TGAGAAGATTAACAAGACGA 


139 


1348-1367 


Coding 
/exon 9 
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18007 


TGCAGATGAGTGAGAAGATT 


140 


1358-1377 


Coding 
/exon 9 


18008 


ACTCTGCAGATGAGTGAGAA 


141 


1362-1381 


Coding 
/exon 9 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
5 2'-deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

Nucleotide numbers from Genbank Accession No.D90205, locus 
name "MUSIL5R, ,f to which the oligonucleotide is targeted. 

Effect of these compounds on both membrane and soluble 
10 forms of murine IL-5 receptor a were measured and are shown 
in Table 11. Oligonucleotides were screened in BC'L 1 cells at 
a dose of 10 juM and IL-5 receptor a mRNA was measured by RPA. 
Percent inhibition is compared to untreated (no 
oligonucleotide) control . 
15 TABLE 11 

Effect of 2 ' -MOE gapmers targeted to murine IL-5 receptor a 
mRNA exon 9 on membrane and soluble IL-5 receptor a mRNA 



expression 





ISIS 


% inhibition of 


% inhibition of 


SEQ 


20 


NO. 


membrane IL-5 Ra 


soluble 1 IL-5 Ra 


ID 










NO: 


25 


18001 


35 


39 


134 


18002 


5 


8 


135 


18003 


15 


20 


136 


18004 


10 


20 


137 


18005 


55 


59 


138 



ISPH-0782 



- 81 - 



PATENT 



18006 


59 


65 


139 


18007 


65 


65 


140 


18008 


75 


75 


141 



5 1 Only one soluble form is detectable by RPA; the RPA probe 
does not distinguish between the two soluble forms. These 
gapmers were able to reduce both membrane and soluble orms and 
each oligonucleotide reduced the two forms approximately 
equally . 

10 Example 25 

Effect of fully 2 1 -MOE oligonucleotides targeted to murine IL- 
5 receptor a mRNA exon 9 on membrane and soluble IL-5 receptor 
a mRNA expression 

Additional oligonucleotides were designed to target exon 
15 9 and intron/exon boundaries; these were uniformly 2 f - 
methoxyethoxy modified with phosphorothioate backbones 
throughout. These are shown in Table 12 below. 

TABLE 12 

Nucleotide Sequences of Mouse IL-5R Oligonucleotides- 
20 uniform 2' MOE 







SEQ 


TARGET 




ISIS 


NUCLEOTIDE SEQUENCE 1 


ID 


SITE 


TARGET 


NO. 


(5' -> 3' ) 


NO: 




REGION 


21750 


GACTTCCTTTCCTTTCCTGG 


142 


1284-1303 2 


I8/E9 


21751 


CAAGGACTTCCTTTCCTTTC 


134 


1288-1307 


18001 


21752 


GCCATTCTACCAAGGACTTC 


135 


1298-1317 


18002 


21753 


ACAATGAGATGCCATTCTAC 


136 


1308-1327 


18003 


21754 


TGTTGGGAGCACAATGAGAT 


137 


1318-1337 


18004 
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21755 


AGCAGGCAGCTGTTGGGAGC 


138 


1328-1347 


18005 


21756 


AACAAGAC GAAGCAGGCAGC 


143 


1338-1357 


Exon 9 


21757 


T G AG AAG AT T AACAAGAC GA 


139 


1348-1367 


18006 


21758 


TGCAGATGAGTGAGAAGATT 


140 


1358-1377 


18007 


21759 


ACTCTGCAGATGAGTGAGAA 


141 


1362-1381 


18008 


21760 | 


C T AC AC T C T G C AG AT GAG T G 


144 


1366-1383 


E9/E10 


21761 


CGATCAGTTTTTCCTTCTAA 


145 


1145-1164 3 


E7/E8 


21762 


TCACCCACATAAATAGGTTG 


146 


1272-1288 


E8/E9 


21763 


GGTCCATAAATGACACCTGA 


147 


1382-1397 


E9/E10 


21764 


TTACCTCATATTCAGTAACC 


148 


1451-1466 


E10/ 
Ell 


23235 


GCCATTCTATCAAGGACTTC 


149 


mismatch 


21752 


23236 


GCCATGCTATCAAGCACTTC 


150 


ii 


ff 


23237 


GCTATCCTATCAAGCACGTC 


151 


ii 


II 


23238 


GACTTCCTTACCTTTCCTGG 


152 


mismatch 


21750 


23239 


GACTTCCTCTTCTTCCCTGG 


153 


ii 


If 


23240 


GACCTCTTTCCCTCTTCTGG 


154 


ii 


II 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2'-deoxy-) including "C" residues, 5-methyl-cytosines ; all 
20 linkages are phosphorothioate linkages. 

2 Co-ordinates from Genbank Accession No. D90205, locus name 
AMUSIL5R0, SEQ ID NO. 132. 
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3 ISIS 21761-21764 were designed to hybridize to intron-exon 
border sequences provided in Table 1 of Imamura, F. , et al., 
DNA Cell Biol., 1994, 13, 283-292. 

BCL-l cells were treated with 10//M of the f ull-2 ' - 
5 methoxyethoxy, full phosphorothioate oligonucleotides for 24 
hours and total RNA was extracted and analyzed by RPA. Results 
are shown in Table 13. 

TABLE 13 

Effect of 2 1 MOE uniformly modified oligonucleotides 
10 targeted to murine IL-5 receptor a mRNA exon on IL-5 mRNA 



ISIS 
NO. 


% control 
membrane 
IL-5 Ra 


% inhib'n 
membrane 
IL-5 Ra 


% 

control 
soluble 
IL-5 Ra 


% 

Inhlb ' n 
soluble 
IL-5 Ra 


SEQ 

ID 

NO: 


21750 


8 


92 


197 


-- 


142 


21751 


9 


91 


191 


— 


134 | 


21752 


6 • 


94 


194 




135 ! 


21753 


6 


94 


175 




136 


21754 


8 


92 


184 




137 


21755 


16 


84 


181 




138 


21756 


6 


94 


166 




143 


21757 


19 


81 


144 




139 


21758 


31 


69 


116 




140 


21759 


34 


66 


134 




141 


21760 


55 


45 


116 




144 
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All of the fully modified 2 1 -methoxyethoxy 
oligonucleotides targeted to murine IL-5 receptor a mRNA 
exon reduced expression of the membrane form of IL-5 
receptor a and increased expression of the soluble form of 
5 the receptor. The potencies of these concurrent effects 
were coordinately diminished as the antisense target site 
moved toward the 3' end of the exon. The overall amount of 
IL-5 receptor a transcription is unaffected. This 
demonstrates that fully 2 1 -methoxyethoxy-modif ied 

10 oligonucleotides targeted to exon 9 just distal to the 

intronic 3' splice acceptor site blocked inclusion of exon 
9 in the splice product and redirect the splicing machinery 
to the next downstream splice acceptor site (in intron 9) . 
Reduction of the membrane form of IL-5 receptor a, 

15 particularly with no decrease or more particularly with an 
increase in the soluble form, is believed to have 
therapeutic utility in diseases associated with IL-5 signal 
transduction, especially asthma. These results show that 
splicing has been redirected by use of uniformly 2'- 

20 methoxyethoxy oligonucleotides targeted to exon 9 to cause 
exclusion (skipping) of exon 9 from the spliced mRNA 
products, resulting in controlled alteration of the ratio 
of soluble/membrane IL-5 receptor produced. 

It was also shown that conversion of an RNAse H- 

25 dependent compound (the 2' MOE gapmer ISIS 18002) to an 
RNAse H-independent compound (the fully- 2 1 MOE compound 
21752) converted this oligonucleotide sequence from an 
inhibitor of both forms of IL-5 receptor a to one which 
selectively inhibits of the membrane form via splice 

30 redirection. 

ISIS 21752 was chosen for further study. In dose 
response experiments, an IC50 of approximately 4 /uM was 
obtained for inhibition of the membrane form of IL-5 
receptor a mRNA. A 1-base mismatch (ISIS 23235) gave an 

35 IC50 of approximately 10.5 yuM and 3- and 5-base mismatches 
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did not inhibit membrane IL-5 receptor mRNA at any 
concentration . 
Example 26 

Effect of fully 2 1 -MOE peptide nucleic acid 
5 oligonucleotides targeted to murine IL-5 receptor a mRNA 
exon 9 on membrane and soluble IL-5 receptor a mRNA 
expression 
Example 27 

Oligonucleotides targeted to exon-exon boundaries of 
10 various forms of mouse IL-5 receptor a mRNA. 

Oligonucleotides, either 2 f MOE gapmers or uniform 2 1 
MOE, were designed to target exon-exon boundaries of the 
mature IL-5 receptor a mRNA. The mRNA encoding the membrane 
form of the mouse IL-5 receptor a contains 11 exons. The 

15 transmembrane domain of the receptor is encoded in exon 9. 
Two mRNAs encoding soluble (secreted) forms of the receptor 
result from differential splicing events. The mRNA encoding 
soluble form 1 of the receptor is missing exon 9 (exon 8 is 
spliced to exon 10) and the mRNA encoding soluble form 2 is 

20 missing exons 9 and 10 (exon 8 is spliced to exon 11) . In 
Table 14, the target region designated "E7-E8" indicates 
that the oligonucleotide is targeted to the exon 7-8 
boundary, and so forth. 

TABLE 14 

2 5 Nucleotide Sequences of Mouse IL-5R Oligonucleotides 







SEQ 






ISIS 


NUCLEOTIDE SEQUENCE 1 


ID 


TARGET 


TARGET 


NO. 


(5' -> 3' ) 


NO: 


SITE 2 


REGION 


21847 


GTTTTTCCTTCTGAATGTGA 


155 


1139- 


E7-E8 








1158 




21848 


GTTTTTCCTTCTGAATGTGA 


ft 




21847 
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21849 


CTTTCCTTTCCCACATAAAT 


156 


1278- 
1297 


E8-E9 


21850 


CTTTCCTTTCCCACATAAAT 


f 1 




21849 


21851 


TAAAT GACACAC T C T GCAGA 


157 


1372- 
1391 ' 


E9-E10 


21852 


TAAATG AC ACACT C TGCAGA 


II 




21851 


21853 


TAAAT GAC AC C C ACATAAAT 


158 




E8-E10 
(soluble 
form 1) 


21854 


TAAATGACACCCACATAAAT 


II 




21853 


21855 


TCGAAGGTTTCCACATAAAT 


159 




E8-E11 
( soluble 
form 2) 


21856 


TCGAAGGTTTCCACATAAAT 


II 




21855 


21969 


CACCTGATTGTGTCTTGTCA 


109 


mismatc 
h 


16949 


21972 


CATCTGCTTCTGTATTGCCA 


104 




16949 


22089 


TTACCTCATATTCAGTAACC 


148 




21764 


22090 


GGTCCATAAATGACACCTGA 


147 




21763 


22091 


TCACCCACATAAATAGGTTG 


146 




21762 


22092 


CGATCAGTTTTTCCTTCTAA 


145 




21761 


22093 


CTACACTCTGCAGATGAGTG 


144 




21760 
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22094 


GACTTCCTTTCCTTTCCTGG 


142 




21750 


23232 


GCCATTCTATCAAGGACTTC 


14 y 


mismatc 
h 


OITCO 
<C 1 / JZ 


23233 


GCCATGCTATCAAGCACTTC 


150 


II 


II 


23234 


GCTATCCTATCAAGCACGTC 


151 


II 


II 



5 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others 
are 2'-deoxy-), all "C" and "C" residues, 5-methyl- 
cytosines; all linkages are phosphorothioate linkages. 

Nucleotide numbers from Genbank Accession No. D90205, locus 
10 name AMUSIL5RQ, SEQ ID NO. 132. 

These compounds were tested at 10 juM dose for ability to 
reduce membrane or soluble IL-5 receptor a mRNA by RPA. 
Results for compounds tested are shown in Table 15. 
15 TABLE 15 



Activity of Mouse IL-5R Oligonucleotides against Soluble 
and Membrane IL-5 receptor a mRNA 



ISIS 
NO. 


SEQ 

ID 

NO: 


CHEM- 
ISTRY 


% INHIB 1 N 

MEMBRANE 

IL-5 

RECEPTOR 


% INHIB ? N 

SOLUBLE 

IL-5 

RECEPTOR 


TARGET 
REGION 


21847 


155 


uniform 
2 ' -MOE 


23 


20 


E7-E8 
( common) 


21848 


155 


2' MOE 

/deoxy 
gapmer 


89 


86 


21847 


21849 


156 


uniform 
2 ' -MOE 


70 


5 


E8-E9 
(membrane) 
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Ol pen 
Z X O D U 


1 £ 


O 1 MPiT? 
Z LYIL/Hj 

/deoxy ! 
gapmer 


*3 Q ! 




? 1 84 9 


zlool 


1 J / 


uni xorm 
2 f -MOE 


D ± 


0 
w 


(membrane) 


21852 


157 


2 1 MOE 

/ d /^\ \T T / 

/ Ueuxy 
gapmer 


20 


14 


21851 


21853 


158 


uniform 

Z — LXlvJili 


14 


45 


E8-E10 

\ 0 -L L4. JJ _L 

form 1) 


21854 


158 


2 ' MOE 

/ deoxv 
gapmer 


11 


14 


21853 


21855 


159 


uniform 
2 1 -MOE 


14 


25 


E8-E11 
(soluble 
form 2) 



As shown in Table 15, selective reduction of expression 
of the soluble form of IL-5 receptor a could be achieved with 

10 antisense oligonucleotides targeted to the exon 8-exon 10 
boundary, or, to a lesser extent to the exon 8-exon 11 
boundary, both of which junctions are only found in the 
soluble receptor mRNA. Selective reduction of expression of 
the membrane form of IL-5 receptor a could be achieved with 

15 antisense oligonucleotides targeted to the exon 8-exon 9 
boundary or exon 9-exon 10 boundary, both of which are only 
present in the mRNA targeting the membrane form of IL-5 
receptor a. Placement of the f ully-2 1 MOE oligonucleotides 
across the intron/exon boundaries of exon 9 resulted in 
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similar effects as were obtained with fully-modified 
oligonucleotides positioned inside exon 9. 
Example 28 

Effect of antisense oligonucleotides on expression of membrane 
5 form of IL-5 receptor a protein in murine BCL X cells 

BCLi cells were treated with antisense oligonucleotide 
for 48 hours. Oligonucleotides used were ISIS 16949 ("common" 
oligonucleotide targeted to both soluble and membrane forms 
of IL-5 receptor) , ISIS 21752, targeted only to the membrane 

10 form and ISIS 21853 and 21855, targeted only to the soluble 
forms of IL-5 receptor a. Oligonucleotides were introduced by 
electroporation as described in previous examples. Effect on 
levels of the membrane form of the receptor was examined by 
Western blot analysis. Membrane-enriched fractions were 

15 prepared as Triton X-100 insoluble material and separated by 
SDS-PAGE using 8% gels. Antibody to mouse IL-5 receptor a was 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA) and 
used at 1:1000 dilution. 

Compared to control (no oligonucleotide) , ISIS 21752 

20 nearly completely ablated the membrane IL-5 receptor. ISIS 
21853 and 21855 together had little to no effect; both target 
the soluble receptor isoforms specifically. The common 
sequence oligonucleotide , ISIS 16949, reduced the soluble 
receptor by 75%. 

25 Transfection with a fully 2 1 -MOE oligonucleotide 

targeted to the 5 1 intron splice site for either exon 8, 9 or 
10 resulted in specific exclusion of that particular 
downstream exon but not others adjacent or upstream. Thus 
targeting the 5 1 intron splice sites with high-affinity 

30 antisense compounds such as fully 2 1 -MOE oligonucleotides 
allows selective deletion of individual exons of the mRNA 
transcript . 
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Example 29 

Reduction of eosinophils in blood and peritoneal lavage fluid 
of mice treated with IL-5 receptor a antisense oligonucleotide 

Mice received daily injections of recombinant mouse IL-5 
5 for 5 days, with or without ISIS 21972 or its mismatch 
control, ISIS 21969. Percent eosinophils in blood and 
peritoneal lavage fluid were measured. In control mice (no IL- 
5, no oligonucleotide) eosinophil levels were 4% in peritoneal 
lavage fluid and 2% in blood. After IL-5 treatment, 

10 eosinophils increased to 13.5% in lavage fluid and 9.5% in 
blood. Treatment with mismatch oligonucleotide did not change 
this significantly (13.5% in lavage fluid, 10.5% in blood) but 
treatment with IL-5 receptor a antisense oligonucleotide 
reduced eosinophil levels to 8.5% in peritoneal lavage fluid 

15 and 7% in blood. 

HUMAN IL-5 RECEPTOR 
Example 30 

Antisense oligonucleotides targeted to human IL-5 receptor a 

The human IL-5 receptor a gene contains 14 exons . A 
20 membrane-anchored form of the receptor and two soluble forms 
have been identified. The membrane form is active in signal 
transduction and the soluble forms can act antagonistically. 
The mRNA transcript encoding the membrane-anchored form of 
the human IL-5 receptor a contain exons 1-10 and 12-14. Exon 
25 11 is spliced out by an alternative splicing event. The major 
soluble isoform (soluble form 1) is generated as a result of 
a normal splicing event and an in-frame stop codon in exon 11. 
The other soluble form (soluble form 2) is generated by the 
absence of splicing and therefore is generated by reading into 
30 intron 11. 

mRNA transcripts encoding the membrane form of the human 
IL-5 receptor a contain exons 1-10 and 12-14. Exon 11 is 
spliced out. It is, therefore, possible to target seguences 
in exons 1-10 which are common to both soluble and membrane 
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forms of the receptor, or to selectively target sequences only 
present in the membrane form (exons 12-14). A series of 
antisense oligonucleotides were designed to be specific to 
only the membrane form of human IL-5 receptor a (IL-5Ra) . 
5 These oligonucleotides target regions downstream of exon 11 
(i.e., exons 12-14 and intervening introns, stop codon and 3' 
untranslated region). Tavernier et al . , Proc. Natl. Acad. 
Sci., 1992, 89, 7041-7045. These are shown in Table 16. 

TABLE 16 

10 Nucleotide Sequences of Human IL-5 receptor a membrane- 



specific antisense oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5 ' -> 3 1 ) 


SEQ 
ID 

NO: 


TARGET 
SITE 2 


TARGET 
REGION 


16767 


AACCACTCTCTCAAGGGCTT 


160 


1070-1089 


Coding 


16768 


TGCTGGAATTGGTGGAAACA 


161 


1173-1192 


Coding 


17769 


GTCTCAACTCCAGGCTTCTC 


162 


1283-1302 


Coding 


16770 


TCAAAACAC AGAAT CCTCCA 


163 


1305-1324 


STOP 


16771 


AGGATGCCAAAGTGACAGTC 


164 


1323-1342 


STOP 


16772 


ATCCCTGTTCTTTTCACTGA 


165 


1371-1390 


3 ' -UTR 


16773 


CGCAGGTAAATTGAGTGTTG 


166 


1426-1445 


3 ' -UTR 


16774 


TGAGGCGATTTGGATGAAGC 


167 


1495-1514 


3 ' -UTR 


16775 


TGGACGT T AGCC TT AAAAGC 


168 


1651-1670 


3 1 -UTR 


16776 


AGCTTAAACAGC C AAACGGG 


169 


1693-1712 


3 ' -UTR 


16777 


CTCCAGGCTGATGCAAAATG 


170 


1751-1770 


3 ' -UTR 



ISPH-0782 



- 92 - 



PATENT 



16778 


GGGTGAGGAATTTGTGGCTC 


111 


1817-1836 


3 ' -UTR 


16779 


CTGGATCAGGCCTCTGGAGC 


172 


1936-1955 


3 1 -UTR 


18012 


GGGTGAGGATTTTGTGGCTC 


173 


mismatch 


16778 


18013 


GGGTGATGATTTGGTGGCTC 


11 A 


1? 


I? 


18014 


GGCTGATGATTTGGTGGGTC 


175 


ii 


II 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2'-deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

10 Nucleotide numbers from Genbank Accession No. X61176, locus 
name AHSIL5RG0, SEQ ID NO. 176, to which oligonucleotides are 
targeted . 

These cells were tested in an IL-5 receptor-expressing 
subclone of TF-1 cells (provided by Dr. Christoph Walker, 

15 Novartis Research Centre, Horsham, UK. Cells were cultured 
in RPMI 1640 medium supplemented with 10% heat-inactivated 
fetal bovine serum (Sigma Chemical Company, St. Louis, MO), 10 
mM Hepes, pH 7.2, 50 juM 2-ME, 2 mM L-glutamine, 100 U/ml 
penicillin, 100 /uq/ml streptomycin (Gibco, Grand Island, NY) 

20 and 10 ng/ml recombinant human IL-5 (R&D Systems, 
Minneapolis, MN) added every 48-72 hours. TF-1 cells (1 x 10 7 
cells in PBS) were transfected with oligonucleotides by 
electroporation at 250V, 1000 /uF using a BTX ElectroCell 
Manipulator 600 (Genetronics , San Diego CA) . 

25 Total cellular RNA was isolated using the RNeasyJ kit 

(Qiagen, Santa Clarita CA) . Northern blotting was performed 
using standard methods using a full-length cDNA probe or a 
cDNA probe corresponding to the membrane isof orm-specif ic exon 
sequences prepared from HL-60 cell RNA by standard RT-PCR 

30 followed by a nested primer reaction. Signals were quantitated 
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using a Molecular Dynamics Phosphorlmager . Results are shown 
in Table 17. 

TABLE 17 

Activity of Human IL-5 receptor a membrane-specific 
5 antisense oligonucleotides on IL-5 receptor mRNA expression 



ISIS 
NO. 


% control 
membrane 
IL-5 Ra 


% inhib . 
membrane 
IL-5 Ra 


% 

control 
soluble 
IL-5 Ra 


% inhib . 
soluble 
IL-5 Ra 


SEQ 

ID 

NO: 


16767 


86 


14 


95 


5 


160 


16768 


72 


28 


97 


3 


161 


16769 


48 


52 


100 


0 


162 


16770 


69 


31 


84 


16 


163 


16771 


66 


34 


78 


22 


164 


16772 


66 


34 


92 


8 


165 


16773 


48 


52 


84 


16 


166 


16774 


55 


45 


103 




167 


16775 


100 


0 


95 


5 


168 


16776 


59 


41 


81 


19 


169 


16777 


31 


69 


84 


16 


170 


16778 


41 


59 


92 


8 


171 


16779 


55 


45 


95 


5 


172 
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ISIS 16769, 16773, 16774, 16776, 16777, 16778 and 16779 
inhibited the membrane form of IL-5 receptor a by at least 40% 
and are preferred. Of these, ISIS 16769, 16774, 16778 and 
16779 are more preferred because of their minimal effect on 
5 the soluble form of IL-5Ra. 

The effect of ISIS 16778 on expression of human IL-5 
receptor a protein on the surface of TF-1 cells was measured 
by flow cytometry. Following electroporat ion with 
oligonucleotide, TF-1 cells were incubated for 24 hours or as 

10 indicated, collected by centrif ugation and washed with cold 
PBS. Cells were transferred to 12 x 75 mm polystyrene tubes 
and washed in 2% bovine serum albumin, 0.2% sodium azide in 
PBS at 41C. Cells were centrifuged at 200 x g and the 
supernatant was decanted. Specific antibody was then added 

15 at 1:100 for human IL-5 receptor a-phycoerythrin and the 
isotype control antibody in 0.1 mL of the above buffer. 
Antibodies were incubated with the cells for 30 minutes at 41C 
in the dark with gentle agitation. Cells were then washed as 
above and resuspended in 0.3 mL of FacsFlow buffer (Becton 

20 Dickinson, Franklin Lakes, NJ) with 0.5% formaldehyde. Cells 
were analyzed on a Becton-Dickinson FACScan. Results are 
expressed as the percentage of control expression based on 
mean fluorescence intensity, subtracting basal expression. 

In dose-response experiments to determine the effect of 

25 this oligonucleotide on human IL-5 receptor a cell surface 
protein expression in TF-1 cells, ISIS 16778 demonstrated an 
IC50 of approximately 5 juM. A 1-mismatch control had an IC50 
of 7.5 juM and 3- and 5-mismatch controls did not inhibit IL-5 
receptor a below 75% of control. 

30 An additional set of oligonucleotides was designed to 

target both membrane and soluble forms of human IL-5 receptor. 
These oligonucleotides, targeted to exons 1-10 and intervening 
introns, are sometimes referred to as "common" IL-5 receptor 
oligonucleotides. Sequences are shown in Table 18. 
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TABLE 18 

Human IL-5R "Common" Antisense Oligonucleotides 





ISIS 
NO . 


NUCLEOTIDE SEQUENCE 1 
<5' -> 3') 


SEQ 
ID 

NO: 


TARGET 
SITE 2 


TARGET 
REGION 


5 


16780 


CCTGAGAAATGCGGTGGCCA 


177 


0019-0038 


5 ' -UTR 




16781 


GTGTCTATGCTCGTGGCTGC 


178 


0093-0112 


5 1 -UTR 




16782 


CGATCCTCTTGTTCCGACCA 


179 


0148-0167 


5 1 -UTR 




16783 


ATGCGC C AC GAT GAT CATAT 


180 


0248-0267 


AUG 




16784 


GCAGTATCTCAGTGGCCCCC 


181 


0285-0304 


Coding 


10 


16785 


TGCTC T T GAT C AG GATTTGG 


182 


0403-0422 


Coding 




16786 


CAGGATGGTCCGCACACTTG 


183 


0536-0555 


Coding 




16787 


GGGCAT GAAG T T CAGCAGAA 


184 


0591-0610 


Coding 




16788 


GCCAGGTGCAGTGAAGGGAA 


185 


0702-0721 


Coding 




16789 


CTCCCCAGTGTGTCTTTGCT 


186 


0805-0824 


Coding 


15 


16790 


AAGCCAGTCACGCCCTTTGC 


187 


0863-0882 


Coding 




16791 


AAACAGC T GAT C AAAGGGCC 


188 


0923-0942 


Coding 




16792 


ATGGAT T GG AAAAGCAGACA 


189 


1034-1053 


Coding 




16793 


TCTGCACATGGAGCTCACTG 


190 


1181-1200 


Coding 




16794 


AGGTTGGCTCCACTCACTCC 


191 


1214-1233 


Coding 
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18015 


TCTGCACATGTAGCTCACTG 


192 


mismatch 


16793 


18016 


TCTGCACGTGTAACTCACTG 


193 


it 


II 


18017 


TATGCACGTGTAACTCCCTG 


194 


■i 


ir 



5 1 Emboldened residues, 2 f -methoxyethoxy- residues (others are 
2 f -deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

Nucleotide numbers from Genbank Accession No. M96652, locus 
name AHUMIL5RBQ, SEQ ID NO. 195, to which oligonucleotides are 
10 targeted. Note: these sequences are also common to GenBank 
accession nos . M96651 and X61176. 



TABLE 19 

Activity of Human IL-5 receptor a "Common" antisense 
oligonucleotides on IL-5 receptor mRNA expression 



ISIS 
NO. 


% 

control 
membrane 
IL-5 Ra 


% inhib'n 
membrane 
IL-5 Ra 


% 

control 
soluble 
IL-5 Ra 


% 

inhib ' n 
soluble 
IL-5 Ra 


SEQ 
ID 

NO: 


16780 


86 


14 


84 


16 


177 


16781 


42 


58 


39 


61 


178 


16782 


41 


59 


39 


61 


179 


16783 


49 


51 


47 


53 


180 


16784 


92 


8 


89 


11 


181 ! 


16785 


19 


81 


32 


68 


182 


16786 


14 


86 


13 


87 


183 


16787 


49 


51 


47 


53 


184 ! 
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16788 


22 


78 


21 


79 


185 


16789 


14 


86 


12 


88 


186 


16790 


22 


78 


21 


79 


187 


16791 


46 


54 


45 


55 


188 


16792 


35 


65 


34 


66 


189 


16793 


14 


86 


13 


87 


190 


16794 


38 


62 


37 


63 


191 : 



In this assay, ISIS 16781, 16782, 16783, 16785, 16786, 
10 16787, 16788, 16789, 16790, 16791, 16792, 16793 and 16794 
inhibited both membrane and soluble IL-5 receptor a isoforms 
by greater than 50% and are preferred. Of these, ISIS 16786, 
16788, 16789, 16790 and 16793 inhibited both isoforms by 
greater than 75%. 
15 ISIS 16793 was chosen for further study. It totally 

inhibited expression of both soluble and membrane forms of 
human IL-5 receptor a mRNA. This compound was found to have 
an IC50 of approximately 2 //M for reduction of IL-5 receptor 
a cell surface protein in TF-1 cells. A 1-mismatch control had 
20 an IC50 of approximately 3 jlcM and 3- and 5-mismatch controls 
did not inhibit IL-5 receptor a expression below 75% of 
control . 
Example 30 

Antisense oligonucleotides targeted to splice sites in the 
2 5 human IL-5 receptor a mRNA 

The human IL-5 receptor a gene contains 14 exons . A 
membrane-anchored form of the receptor and two soluble forms 
have been identified. As with the mouse receptor, the membrane 
form is active in signal transduction and the soluble forms 
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are not, and can act antagonistically. The mRNA transcript 
encoding the membrane-anchored form of the human IL-5 receptor 
a contain exons 1-10 and 12-14. Exon 11 is spliced out by an 
alternative splicing event. The major soluble isoform 
5 (soluble form 1) is generated as a result of a normal splicing 
event and an in-frame stop codon in exon 11. The other soluble 
form (soluble form 2) is generated by the absence of splicing 
and therefore is generated by reading into intron 11. 

Transcripts encoding soluble forms of human IL-5 

10 receptor a do not contain exons 12, 13 or 14. It is, 
therefore, possible to target sequences in exons 1-10 which 
are common to both soluble and membrane forms of the receptor, 
or to selectively target sequences only present in the 
membrane form (exons 12-14). Oligonucleotides were also 

15 designed to target various intron/exon boundaries downstream 
of exon 11, with the intention of preventing successful 
splicing downstream of exon 11 and thus redirecting splice 
products away from the membrane form and in favor of the 
soluble form of IL-5 receptor a. A series of oligonucleotides 

20 were designed to target various splice sites or (intron-exon 
boundaries) in the IL-5 receptor mRNA. These are shown in 
Table 20 and their effect on IL-5 receptor mRNA and cell 
surface protein levels is shown in Tables 21 and 22. 

TABLE 20 

2 5 Nucleotide Sequences of Human IL-5R Oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3' ) 


SEQ 
ID NO: 


TARGET 
REGION 2 


16746 


ACCCAGCTTTCTGCAAAACA 


196 


I13/E14 


16747 


ACCCAGCTTTCTGCAAAACA 


i? 




16748 


ACCCAGCTTTCTGCAAAACA 


fi 





ISPH-0782 



- 99 - 



PATENT 



16749 


TCAACATTACCTCATAGTTA 


197 


E13/I13 


16750 


TCAACATTACCTCATAGTTA 


II 




16751 


TCAAC AT T AC C T C AT AGTTA 


II 




16752 


TAAATGACATCTGAAAACAG 


198 


I12/E13 


16753 


T AAAT GAC ATCTGAAAACAG 


II 




16754 


TAAATGACATCTGAAAACAG 


II 




16755 


GAACACTTACATTTTACAGA 


199 


E12/I12 


16756 


GAACACTTACATTTTACAGA 


II 




16757 


GAACACTTACATTTTACAGA 


II 




16758 


TCATCATTTCCTGGTGGAAA 


200 


I11/E12 


16759 


TCATCATTTCCTGGTGGAAA 


II 




16760 


TCATCATTTCCTGGTGGAAA 


II 




18009 


TCATCATTTACTGGTGGAAA 


201 


mismatch 


18010 


TCAGCATTTACTGGTGTAAA 


202 


mismatch 


18011 


TCAGCAGTTACTTGTGTAAA 


203 


mismatch 



1 Emboldened residues, 2 ' -methoxyethoxy- residues (others are 
2 ! -deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

2 Target regions refer to intron/exon junctions (splice sites) 
20 to which oligonucleotides are targeted. I13/E14 indicates the 
junction between the 3 f end of intron 13 and the 5 f end of 
exon 14. E13/I13 indicates the junction between the 3' end of 
exon 13 and the 5' end of intron 13. I12/E13 indicates the 
junction between the 3 1 end of intron 12 and the 5 1 end of 
25 exon 13. E12/I12 indicates the junction between the 3 f end of 
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exon 12 and the 5 1 end of intron 12. 

I11/E12 indicates the junction between the 3 ! end of intron 
11 and the 5' end of exon 12. 

Target sequences are from Figure 2 of Tuypens, T., et al., 
5 Eur. Cytokine Netw. , 1992, 3, 451-459. 



TABLE 21 

Modulation of Human IL-5 receptor a membrane form mRNA 
expression by Splice Site Oligonucleotides (18 hr) 



ISIS 
NO. 


SEQ 
ID 


TARGET 
REGION 


% of CONTROL 


% INHIB 


lb / 4fc> 


iyo 


T 1 ^ /X? 1 A 


J U O 


64% 


id/11 
1 b / 4 / 


f? 




O vJ 


34 


i a n a q 
1 b / 4 o 


IT 






75 


1 6 / 4 y 


i y / 


hj 1 J / llJ 


i ni 

lUl 




lb / jU 


ii 




Q 6 

ZJ \J 


4 


ID / Jl 


?! 




96 


4 


16752 


198 


I12/E13 


101 




16753 


II 




98 


2 


16754 


II 




101 




16755 


199 


E12/I12 


15. 5 


84 


16756 


II 




96 


4 


16757 


II 




91 


9 


16758 


200 


I11/E12 


176 
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ISIS 


SEQ 


TARGET 


% of CONTROL 


% INHIB 


NO. 


ID 


REGION 








NO: 








16759 


ii 




81 


19 


16760 


ii 




76 


24 



ISIS 16746, 16748 and 16755 inhibited IL-5 membrane 
5 receptor mRNA expression by over 50% and are therefore 
preferred in this assay. Northern blot analysis indicated 
that ISIS 16755 inhibited the membrane receptor transcript 
without significantly inhibiting the soluble form. Thus it 
is believed that ISIS 16755 redirects splicing in favor of 
10 the membrane form, as is consistent with data obtained with 
other non-RNAse H (e.g., uniform 2 1 -methoxyethoxy ) 
oligonucleotides targeted to splice sites. 

TABLE 22 

Modulation of Human IL-5 receptor a protein expression on 
15 the Cell Surface by Splice Site Oligonucleotides (36 hr) 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3' ) 


SEQ 

ID 

NO: 


TARGET 
REGION 

2 


% of 
CONTROL 


% 

INHIB 


16746 


ACCCAGCTTTCTGCAAAACA 


196 


I13/E1 
4 


35 


65% 


16747 


ACCCAGCTTTCTGCAAAACA 


ft 




80 . 5 


19.5 


16748 


ACCCAGCTTTCTGCAAAACA 


ii 




40.5 


59. 5 


16749 


TCAACATTACCTCATAGTTA 


197 


E13/I1 
3 


75 


25 
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ISIS 
NO. 


NUCLEOTIDE SEQUENCE 
(5' -> 3') 


SEQ 

±U 

NO: 


TARGET 

2 


% of 


% 


16750 


TCAACATTACCTCATAGTTA 






91 


9 


16751 


TCAACATTACCTCATAGTTA 






101 




16752 


TAAATGACATCTGAAAACAG 


198 


I12/E1 
3 


100 . 5 




16753 


TAAATGACATCTGAAAACAG 






96 


4 


16754 


TAAATGACATCTGAAAACAG 






100.5 




16755 


GAACACTTACATTTTACAGA 


199 


E12/I1 
2 


10 . 5 


89.5 


16756 


GAACACTTACATTTTACAGA 


?f 




101 




16757 


GAACAC T T AC AT T T T ACAGA 


ii 




81 


19 


16758 


TCATCATTTCCTGGTGGAAA 


o r*\ n 


1 1 1 / t,L 
2 




y ft • D 


16759 


T CAT CAT T T C CTGGTGGAAA 


ir 




75 . 5 


24 . 5 


16760 


TCATCATTTCCTGGTGGAAA 


ii 




71 


29 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2 ! -deoxy-) including T, C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

15 2 Target regions refer to intron/exon junctions (splice sites) 
to which oligonucleotides are targeted. I13/E14 indicates the 
junction between the 3 1 end of intron 13 and the 5 1 end of 
exon 14. E13/I13 indicates the junction between the 3 f end of 
exon 13 and the 5' end of intron 13. I12/E13 indicates the 

20 junction between the 3 ! end of intron 12 and the 5 f end of 
exon 13. E12/I12 indicates the junction between the 3 1 end of 
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exon 12 and the 5' end of intron 12. I11/E12 indicates the 
junction between the 3 f end of intron 11 and the 5 1 end of 
exon 12 . 

ISIS 16746, 16748, 16755 and 16758 inhibited human IL-5 
5 receptor a protein by over 50% in this assay and are therefore 
preferred. ISIS 16758 and 16755 were chosen for further study. 
ISIS 16758 was found to have an IC50 of approximately 5 juM for 
reduction of IL-5 receptor a cell surface protein in TF-1 
cells. A 1 -mismatch control had an IC50 of 10 /M and 3- and 

10 5-mismatch controls did not inhibit IL-5 receptor a 
expression. ISIS 16758 inhibited IL-5 receptor a protein 
expression without reducing mRNA levels, consistent with an 
RNAse H-independent mechanism as predicted for a uniformly 2 f - 
methoxyethoxy modified oligonucleotide. 

15 Example 31 

Induction of apoptosis in TF-1 cells treated with IL-5 
receptor a oligonucleotide 

lx 10 6 TF-1 cells cultured in IL-5 (0.5 ng/ml) were 
collected 48 hours following oligonucleotide treatment 

20 (transfection was by electroporation as described in previous 
examples) and phosphatidylserine expression was detected as 
a measure of apoptosis using the Annexin-V flow cytometry kit 
(Clontech, Palo Alto, CA) according to the manufacturer's 
instructions. Briefly, cells were resuspended in 0.2 ml of 

25 staining buffer (lOraM Hepes, pH 7.4, 140 mM NaCI, 5 mM CaCl 2 ) 
and 10 yuM of propidium iodide (50 /zg/ml) and 5 ptl of Annexin 
V reagent were added at 41 C for 10 minutes. The samples were 
diluted with FacsFlow (Becton Dickinson, Franklin Lakes NJ) 
buffer and analyzed on a Becton Dickinson FACScan. Results are 

30 shown in Table 23. 
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TABLE 23 

Apoptosis induction mediated by antisense to human IL-5 

receptor a 



ISIS 
No. 


Chemistry 


Oligo dose 
(MM) 


% 

Ap op to tic 
cells 


SEQ ID 
NO: 


No 

oligo 






14 




16793 


2 1 -MOE gapmer 

"common" 

sequence 


5 


19.8 


190 


II Tl 




1U 




II II 


II II 




15 


62. 3 


II II 


18017 


5-mismatch 
for 1 6 / 3 5 


5 


20. 5 


194 


II ll 




1 U 


_L / . D 


II II 


II II 




15 


20.3 


II II 


16758 


Uniform 2 ' - 
MOE 


10 


33. 1 


200 


II II 




15 


40 . 1 


II II 


II II 




20 


50. 4 


II ll 


18011 


5-mismatch 
for 16758 


10 


19 


203 


II II 




15 


23. 6 


II II 
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If II 




20 


21. 8 


II II 


16778 


2 ' -MOE gapmer 
Membrane- 
specific 


7.5 


29.9 


171 


II II 




12 . 5 


4 9.2 


f 1 II 


18014 


5-mismatch 
for 16778 


7 . 5 


38 


175 


tt ii 




12 . 5 


32 . 2 


II II 



Apoptosis was shown to be induced in TF-1 cells cultured in 
the presence of IL-5 by antisense oligonucleotide inhibitors 
of IL-5 receptor a. 
10 Example 32 

Effect of IL-5 receptor oligonucleotides on cell proliferation 

2.5 x 10 4 TF-1 cells were incubated in 96-well plates in 
200 jul complete RPMI in the absence of IL-5 for 16 hours 
following electroporation. IL-5 (0.5 ng/ml) was added and the 

15 cultures were pulsed with 1 ^Ci of [ 3 H] -thymidine for the last 
8 hours of a 48-hour culture period. The cells were harvested 
on glass fiber filters and analyzed for thymidine 
incorporation (proportional to cell proliferation) by liquid 
scintillation counting. Results are shown in Table 24. Results 

20 are compared to thymidine incorporation in untreated controls. 
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TABLE 24 

Inhibition of IL-5-induced TF-1 cell proliferation by human 
IL-5 receptor a antisense oligonucleotides 





TCTC XT/-v 
_L O X O ViKJ . 


Lnemis try 


Oligo 
(MM) 


% of 

control 

thymidine 

incorpora 

tion 


SEQ ID 

NO: 


5 


16793 


2 1 -MOE 
gapmer 
"common" 
sequence 


5 


44 . 5 


190 




?! If 




10 


11.1 


II II 




18017 


5- 

mismatch 

r- -i r n n O 

for 1 6 / y 5 


5 


89.1 


194 








10 


92 . 8 


II ll 




16758 


Uniform 
2 1 -MOE 


10 


42.8 


200 


10 


l? II 




15 


39. 2 


fl II 




II II 




20 


19. 9 


II II 




18011 


5- 

mismatch 
for 16758 


10 


95. 6 


203 
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II If 




15 


97. 9 


II II 


If II 




20 


84 . 6 


II II 



These data demonstrate that antisense inhibitors of IL-5 
5 receptor a greatly reduce cellular response to IL-5, i.e., 
cell proliferation in response to IL-5. Control 
oligonucleotides were ineffective. 
Example 33 

Oligonucleotides targeted to human IL-5 receptor a 

10 Oligonucleotides were designed to target the 5 1 

untranslated region of the IL-5 receptor a. These are shown 
in Table 25. Both 2 1 -methoxyethoxy gapmers and uniform 2'- 
methoxyethoxy compounds were designed. 

TABLE 25 



Nucleotide Sequences of Human IL-5R Oligonucleotides 



ISIS 


NUCLEOTIDE SEQUENCE 1 


SEQ 


TARGET SITE 2 


TARGET 


NO. 


(5' -> 3' ) 


ID 




REGION 






NO: 






16963 


AGC GGCAGAGCAT T GAGAAC 


204 : 


0562-0581 


5 ' -UTR 


16964 


AGCGGC AGAGCAT T GAGAAC 


205 


II 


?i 


16965 


GAAGCAGCGGCAGAGCATTG 


206 


0567-0586 


5 ' -UTR 


16966 


GAAGCAGCGGCAGAGCATTG 


207 


I? 


ii 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2 1 -deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

25 2 Nucleotide numbers are from Genbank Accession No. U18373, 
locus name AHSU183730, SEQ ID NO. 208 to which 
oligonucleotides are targeted. 
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Example 34 

Mixed backbone oligonucleotides were designed to target human 
IL-5 receptor. These are shown in Table 26. 

TABLE 26 

5 Mixed Backbone Nucleotide Analogues of Human IL-5R 



Oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3 f ) 


BACKBONE 
CHEMISTRY 


SEQ 
ID NO: 


TARGET 
REGION 


18018 


TCATCATTTCCTGGTGGAAA 


P-S 


200 


16758 


18019 


TCATCATTTCCTGGTGGAAA 


P-0 


i? 


If 


18020 


GGGTGAGGAATTTGTGGCTC 


P-S 


171 


16778 


18021 


GGGTGAGGAATTTGTGGCTC 


P-O/P-S 


1? 




18022 


TCTGCACATGGAGCTCACTG 


P-S 


190 


16793 


18023 


TCTGCACATGGAGCTCACTG 


P-O/P-S 


it 


IV 



15 1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2 f -deoxy-) including "C" residues, 5-methyl-cytosines; P-O/P-S 
indicates phosphodiester linkages in the 2 1 -MOE regions and 
phosphorothioate linkages in the 2 1 -deoxy gap. 

Example 35 

20 Optimization of human IL-5 receptor a oligonucleotides 

A series of antisense oligonucleotides were designed 
based on active sequences, with various placements of 2 1 
methoxyethoxy regions. These are shown in Table 27. 
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TABLE 27 

Nucleotide Analogues of Human IL-5R Oligonucleotides 



ISIS 
NO. 


NUCLEOTIDE SEQUENCE 1 
(5' -> 3') 


SEQ 

ID 

NO: 


TARGET 
REGION 


18024 


AGCTTAAACAGCCAAACGGG 


169 


16776 


18025 


AGC T T AAAC AGC CAAACGGG 




II 


18026 


AGCTTAAACAGCCAAACGGG 




II 


18027 


AGCTTAAACAGCCAAACGGG 


ii 


II 


18028 


AGCTTAAACAGCCAAACGGG 


ii 


II 


18029 


AGCTTAAACAGCCAAACGGG 


ii 


II 


18030 


CGCAGGT AAAT T GAGTGTTG 


166 


16773 


18031 


CGCAGGTAAATTGAGTGTTG 


II 


II 


18032 


CGCAGGTAAATTGAGTGTTG 


II 


II 


18033 


CGCAGGTAAATTGAGTGTTG 


II 


II 


18034 


CGCAGGTAAATTGAGTGTTG 


II 


fl 


18035 


CGCAGGTAAATTGAGTGTTG 


II 


II | 


18036 


GGGTGAGGAATTTGTGGCTC 


172 


16778 


18037 


GGGT GAG GAAT T T GTGGCTC 


II 


II 


18038 


GGGTGAGGAATTTGTGGCTC 


II 


II 
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18039 


GGGTGAGGAATTTGTGGCTC 


1? 


II 


18040 


GGGTGAGGAATTTGTGGCTC 


II 


II 


18041 


GGGTGAGGAATTTGTGGCTC 


II 


II 


18042 


AAGCCAGTCACGCCCTTTGC 


187 


16790 


18043 


AAGCCAGTCACGCCCTTTGC 


II 


II 


18044 


AAGCCAGTCACGCCCTTTGC 


II 


It 


18045 


AAGCCAGTCACGCCCTTTGC 


II 


II 


18046 


AAGCCAGTCACGCCCTTTGC 


II 


II 


18047 


AAGCCAGTCACGCCCTTTGC 


II 


II 


18048 


CAGGATGGTCCGCACACTTG 


183 


16786 


18049 


CAGGATGGTCCGCACACTTG 


II 


II 


18050 


CAGGATGGTCCGCACACTTG 


II 


II 


18051 


CAGGATGGTCCGCACACTTG 


II 


II 


18052 


CAGGATGGTCCGCACACTTG 


II 


II 


18053 


CAGGATGGTCCGCACAC TT G 


II 


II 


18054 


TCTGCACATGGAGCTCACTG 


190 


16793 


18055 


TCTGCACATGGAGCTCACTG 


II 


II 


18056 


TCTGCACATGGAGCTCACTG 


II 


II 


18057 


TCTGCACATGGAGC TC ACT G 


II 


II 
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18058 


TCTGCACATGGAGCTCACTG 


1? 


ff 


18059 


TCTGCACATGGAGCTCACTG 


ii 


ff 


18060 


GAACACTT AC AT T T T AC AGA 


199 


16755 


18061 


GAACACTTACATTTTACAGA 


If 


ff 


18062 


GAACACTTACATTTTACAGA 


If 


ff 


18063 


GAACACTTACATTTTACAGA 


If 


ff 


18064 


TCATCATTTCCTGGTGGAAA 


200 


16758 


18065 


TCATCATTTCCTGGTGGAAA 


fl 


f f 


18066 


TCATCATTTCCTGGTGGAAA 


fl 


ir 


18067 


TCATCATTTCCTGGTGGAAA 


If 


if 



1 Emboldened residues, 2 1 -methoxyethoxy- residues (others are 
2 ! -deoxy-) including "C" residues, 5-methyl-cytosines ; all 
linkages are phosphorothioate linkages. 

15 Example 36 

Modulation of mRNA splicing of IL-5 Receptor a by antisense 
peptide nucleic acids (PNAs) 

In order to determine the effectiveness of peptide 
nucleic acids as selective modulators of alternative mRNA 

20 splicing, a series of PNA oligonucleotide mimetics having the 
same nucleobase sequence (SEQ ID NO: 135) as an antisense 
sequence shown to produce exclusion of exon 9 from the IL-5 
Receptor a processed mRNA were synthesized and evaluated. 

Murine BCL X cells were chosen for screening PNA 

25 oligonucleotides targeted to murine IL-5 receptor a and were 
maintained in RPMI 1640 medium supplemented with 10% heat- 
inactivated fetal bovine serum (Sigma Chemical Company, St. 
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Louis, MO), 10 mM Hepes, pH 7.2, 50 uM 2 -ME, 2 mM L-glutamine, 
100 U/mL penicillin and 100 ug/mL streptomycin. 

BCL X cells were transfected by electroporation as 
described previously with 0.25, 0.5, 1, 5 and 10 fM of each 
5 of the compounds in Table 28. ISIS 110790 (SEQ ID NO: 209) 
is a shortmer (15 bp) of ISIS 21752 (SEQ ID NO: 135, described 
previously) lacking the first five nucleobases and having the 
same internucleoside linkages and modifications as ISIS 21752. 
ISIS 32297 (SEQ ID NO: 209) is a peptide nucleic acid with the 

10 nucleobase sequence of ISIS 110790 while ISIS 28496, a peptide 
nucleic acid with the same nucleobase sequence of ISIS 32297, 
contains the amino acid lysine conjugated to the COOH terminal 
end. The control peptide nucleic acid, ISIS 32304 (SEQ ID NO: 
210) is a 3 base pair mismatch of ISIS 28496. At 24 hours, 

15 total RNA was extracted and analyzed by RPA. The results are 
shown in Table 29. Expression data for both isoforms are 
expressed as a percent of control. "N.D." indicates no data. 



TABLE 28 
PNA oligonucleotide mimetics 



20 



ISIS 
Number 


Nucleotide Sequence 


SEQ 

ID 

NO: 


Backbone 


21752 


GCCATTCTACCAAGGACTTC 


135 


2 ' -O-MOE/P-S 


110790 


TCTACCAAGGACTTC 


209 


2 ' -O-MOE/P-S 


32297 


H-TCTACCAAGGACTTC-NH 2 


209 


PNA 


28496 


H-TCTACCAAGGACTTC-Lys-NH 2 


209 


PNA 


32304 


H-TCAACCTAGAACTTC-Lys-NH, 


210 


PNA 
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TABLE 29 

Alteration of splicing IL5Ra splicing pattern by PNAs 



ISIS 


Membrane Isoform 


Soluble Isoform 


Number 
























0.25 


0.5 


1 


5 


10 


0.25 


0.5 


1 


5 


10 


21752 


N . D. 


58 


35 


5 


3 


N. D. 


119 


150 


170 


160 


110790 


N . D. 


75 


59 


7 


7 


N. D. 


119 


140 


158 


160 


32297 


78 


55 


41 


15 


N . D. 


110 


122 


135 


140 


N.D. 


28496 
32304 


| 85 
I 110 


59 
I 102 


42 
95 


6 

95 


N.D. 
N. D. 


119 
110 


135 
105 


150 
95 


138 
100 


N. D. 
N.D. 



10 These data show that peptide nucleic acids (PNAs) of 

shorter length and/or with the additional lysine modification 
are more potent in reducing expression and redirecting 
splicing of IL-5 Receptor a than their 2 ' -0-MOE-modif ied 
counterparts of the same sequence. Treatment of cells with 

15 antisense PNA resulted in dose-dependent, specific down 
regulation of the membrane isoform and enhanced expression of 
the soluble isoform with an effective concentration (EC50) 
lower than that observed with the corresponding 2 ' -0-MOE 
antisense oligonucleotides. These properties makes PNAs and 

20 modified PNAs a promising new class of lower molecular weight 
splicing modulators. 



